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DESCRIPTORS* ♦DISADVANTAGED YOUTH i ♦GRADE 7| ♦GRADE 8| ♦GRADE 
9, ♦INSTRUCTION! ♦RESOURCE MATERIALS, ♦SCIENCE ACTIVITIES, 
♦SCIENCE EDUCATION, ♦TEACHING GUIDES, BIOLOGY, GUIDELINES, 
INSTRUCTIONAL MATERIALS, PHYSICAL SCIENCES, STUDENT 
CHARACTERISTICS, SECONDARY SCHOOL SCIENCE SOUTHEASTERN 
EDUCATIONAL LABORATORY, JACKSONVILLE, FLORIDA, 

DESCRIBED ARE PROCEDURES AND LABORATORY MATERIALS WHICH 
ARE OUTGROWTHS OF A RESEARCH PROJECT OF THE SOUTHEASTERN 
EDUCATION LABORATORY FOR THE TEACHING OF SCIENCE TO 
DISADVANTAGED STUDENTS IN GRADES 7, 8, AND 9. PART I BEALS 
WITH THE CRITERIA USED IN DEVELOPING PROCEDURES AND MATERIALS 
FOR USE WITH EDUCATIONALLY DISADVANTAGED. INCLUDED ARE (1) 

THE RATIONALE FOR AN IMPROVED SCIENCE PROGRAM FOR THE 
EDUCATIONALLY DISADVANTAGED, (2) WORKING ASSUMPTIONS MACE 
REGARDING EDUCATIONALLY DISADVANTAGED YOUTH, (3) THE 
GUIDELINES FOR DETERMINING SCIENCE EXPERIENCES FOR THE 
EDUCATIONALLY DISADVANTAGED, AND (4) THE GUIDELINES FOR 
DETERMINING HOW TO TEACH SCIENCE TO THE EDUCATIONALLY 
DISADVANTAGED. PART 2 ILLUSTRATES PROCEDURES AND ACTIVITIES 
FOUND EFFECTIVE IN WORKIN* WITH EDUCATIONALLY DISADVANTAGED 
STUDENTS IN GRADES 7, 8, AND 9 AT RIBAULT JUNIOR AND SENIOR 
HIGH SCHOOL, JACKSONVILLE, FLORIDA. EMPHASIS IS PLACED ON 
CONCRETE EXPERIENCES AND THE QUALITY OF THE EXPERIENCES. THE 
FORMAL TEXTBOOK HAS BEEN ELIMINATED AND THE NEW MATERIAL HAS 
BEEN WRITTEN WITH THE ASSUMPTION THAT THE STUDENTS HAVE A 
LIMITED READING ABILITY AND A POOR COMMAND OF THE ENGLISH 
LANGUAGE. A SUGGESTED FORMAT FOR THE TEACHER TO FOLLOW IN 
DIRECTING THE CLASS IS PRESENTED FOR EACH LESSON ALONG WITH 
STUDENT PRINTED MATERIALS. EXTENSIVE USE IS HADE OF 
AUDIOVISUAL MATERIALS, PARTICULARLY OVERHEAD TRANSPARENCIES. 
TEACHER AND STUDENT MATERIALS ARE DESCRIBED FOR SUCH UNITS AS 
(II FIRST CLASS LEVERS, (2) THE INCLINED PLANE, (3) THE 
PULLEY, (4) FRICTION, (5) HEAT, AND (6) HEAT, CHEMICAL 
REACTIONS, AND BIOLOGICAL SYSTEMS. APPENDED ARE (1) A 
SUGGESTED CALENDAR FOR THE STUDY OF THE CHICK EMBRYO 
DEVELOPMENT, (2) MATERIALS AMD EQUIPMENT LISTS, AND (3) 
MASTERS FOR USE IN MAKING TRANSPARENCIES. (DS) 
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PREFACE 

In launching this project the authors searched the literature 
extensively to find vhat others are doing for disadvantaged youth. 

Basic premises for the project were established, Those premises 
which were supported in the pilot project are stated in Part I of 
this report. 

The procedures, the written material for the teacher and the 
students, and most of the laboratory materials were developed by the 
authors. Some of the activities, however, which met the criteria 
established x’or the project were chosen and adapted from materials 
commercially available. 

The testing of the procedures and activities presented in Part II 
of this manuscript took place in the Rlbault Jhnior and Senior High 
Schools in Jacksonville, Florida. From a pool of 250 economically 
deprived, educational3.y dliiadvantaged youth identified In grades 7^ S, 
and 9 of these schools, a smaller pool of l80 students, (6o seventh, 60 
eighth, and 6o ninth grade students), who also appeared to be under- 
achievers, were selected. By random means, a class of 50 youth for 
experimental sections, and 30 youth for control purposes, were selected 
at each grade level; The procedures and materials presented in Part 3CE 
were experienced by the 90 students In the experimental classes. 

A detailed account of the research procedures used in this 
project is to be found in the report made to the Southeastern Education 
Laboratory, Inc., of Atlanta, Georgia, which organization made possible 
this Project. 
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PAB3? I 

PHEFEPILNTIAL TREATMSIW’ ESSESWUT. FOR EDUCATi-ONATLY DISADVANOJAGM) YOUTH 



Km F0i'{ AK' UmOVSD SCIEKGE PROOm FOR 
OTGATIOMIIiY DISADVAmC-SD YOUTH 



In geneml^ economically deprived children are a3jBO educationally 
deprived. They have had a narrow ran^e of SKpei’iencea in a limited environ- 
ment, hence have a lack of confidence In themselves in any classroom 
situation. These chi2.dren ai'e limited their ability to communicate 
with others orally or by means of reading and w^'ltlns. They share feelings 
of fata3.1sm, hslplessnt:ss, dependence, and inferiority ixi social situations. 
They liave, in general, e3q>erienced continued fal3.ure in school work. 

Xt has teen shown repeatedly that cldldren who become alienated bo 
the school remain so unless some preferential program is pi*ovided to cliacge 
their attitude toward the school and towai'd their teachers. They have 
failed and vrill continue to fail unless a situation is arranged in which 
they can succeed in engaging in activities meaningfilL to them. So there is 
ueed to prepare appropriate curr iculum materials for them and to provide a 
training program for their teachers. Such a program must develop 3n the 
teachers the understandings and skills and commitments essential in 
re -establishing a •wholesome rapport with these educationally dlsad'vantaged 
youth and :ln involving them in purposeful activities. 



RATIQMT.E FOR THE DEVELCBBSKT CF AH H'^ROra SCIENCE PROGRAM 
FOR EDUCATIOMALLY DISADVAKTACrED YOUTH 



S'budies of teaching strategies for the educatiorially deprived child 
have empliasised the need for learning activities which sre structured, 
concrete, and physically oriented. In addition, studies have shown tliat 
the deprived child iias respect for the sciences, parbicularly the physical 
sciences. Science is a nabural subject area fer eacperiences with concrete 
I'raterialfc-. Out of carefully chosen, interesting, and closely related 
activities corns the beginnings of formal language-abstractions used in 
talking about these activities. Science offers endless possibilities to 
slraultaneously demonstrt.be the need for the acquisition of these conmuni* 
catlve ski31s 'tvhen accounting for what one observes or in projecting what 
may happen in a controlled experimenb. 

•A wide variety of new science materials iiave been and are being developed 
for use in the elementary and junior high schools. Few have been extensively 
evaluated, and their applicability to the educational needs of the disadvan- 
taged j.s open to serious question. It seemed l.Ucely -tiiat the culture of the 
educationally deprived child ci’eated unique demands for special materials 
and approaches to science learnings, especially if these learnings are to 
be integrated into the other areas of the curricitlum. Therefore, it was 
one of the purposes of this demonstration research program to develop and 
publish matej'ials and approaches which are foimd to be especially suited 
•bo the educational needs of the disadvantaged. 
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LIMITATIONS OP THE PROGRAM DEVELOPED AND TESTED IN THIS 
PILOI? DEMONSTRATION RESEARCH PROJECT 

1. The program is not a complete program for use in grades 7 
through 9 . Ihstead, It is a program that was taught successfully 
during the second semester in grades 7 , 8 and 9 « same 
program -was taught in all three grades. Its merit was established 
in all three grades. What is needed is a six semester sequential 
science program for the educationally disadvantaged youth in the 
junior high school grades, developed along the lines and taught 
by the procedures found effective in this program^ The materials 
and procedures reported herein are but representative of a 
complete program. 

2 . Ito establish the validity of the findings reported her^.in, 

a much larger demonstration-research study should be carried out 
with many more students, and many more teachers. There were but 
two teachers involved in tliis project. It can be said, however, 
under the conditions of this demonstration, the program was found 
effective. It can be predicted, that under similar conditions 
with other teachers a similar progrson wi.H also be found effective.'^' 



ASSUMPTIONS MADE REGARDING EDUCATIONALLY DISADVANTAGED YOUTH 

1. Hunan ability is to a large extent a social product. It dep^ds ^pon the 
opportunities in the environment for meaningful and varied experiences. 
La many areas.it does not develop unless recognized and encouraged by 
society. 



*A complete report on the research aspects of this demonstration -research 
program is reported in the Report of "A Demonstration of the Bole of Science 
In the Programs of Educationally Disadvantaged Youth, Grades 7 - 9 ." by Dr. 

N. B. Bingham, Director, made to the Southeastern Education Laboratory, Inc.^ 
P. 0. Box 20867 Airport Branch, AUanta, Georgia, 30320. 
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2 m Mucationally deprived children have had a narrov range of eaj)eriences 
in a Ximlted environment^ hence have a lack of confidence in themselves 
in a classroom situation. 

3. The conceptual development and the cultural heritage of educationally 
deprived children is inferior to that of children in more favorable 
environments. 

hm Because of limited experiences^ educationally deprived children are 
limited in their ability to comnBuaicate with others orally or by means 
of reading and -writing. 

5. The child -who grows up in a culture of poverty has a strong feeling 

of fatalism, helplessness, dependence, and inferiority in social situatiOi 

6. By the time educationally deprived children enter school they have" 
absorbed the basic attitudes and values of their subculture of poverty. 

As a result they are not ready to take advantage of the educational 
opportunities in the school or of opportunities that may come as a 
result of changed conditions during their lifetime. 

7. Any significant change in the relative position of the educationally 
deprived child requires a preferential treatment that Trill condensate 
for his inadequacies. 0?hese children require modified teaching technique 
and a specially constructed curriculum if they are to succeed in school. 
Thejr need special materials and devices to fill the gaps in their 
experience. 

8. The tJjne of readiness to learn can be advanced and the quality of 
development can be enriched by -working -with educationally deprived 
children before they show overt signs of readiness. 

9. Deprivation is largely due to failure of environmental agents: 

a. failure to provide children with necessary nourishment before -they 
are ready to exercise specific capacities. 

b. failure to use and develop these capacities once they are ready 
for exercise. 

10. Although the preschool years are characterized by the most rapid change 
and growth and so are the most important years, yet the adolescent years 
are also a period of rapid change and growth, hence, these years are 
fruitful ones for the re-orlentation and development of educationally 
deprived children. 

11, Wherever poverty exists throu^^out the -world there is a remarkable 
similarity in the style of life which may be called a "culture of 
poverty". This culture provides the human beings living in it -with 
a design for living that permits their survival. This similarity is 
found in the structme of families, in interpersonal relations, in 
value systems, in spending habits, and in their tendency to live in 
the present with little thought of the future. The hi^ incidence of 
common law marriages and of households headed by -women are characteristic 
of this culture wherever it occurs. 



h 



GOXDBLINES USll) TO DKEERMINB SCIENCE EXPERIENCES EOR 
EDOC^TIOMALLT DISAEVAlJmGED YOUTH 

1. Classroom studieb should he related to the stude^s' ^ 

expertencee Im their society. Certain aspects of historical devel^smt 
mav he helpfol, put a consideration of these for endorsement a^^^arx- 
cation vili oom^ after the ideas are crystallized througn concre.,e 

experiences e 

a. A definite olassiroom situation arust he provided in t*ich_new «^eriences 
with ohjeots and events are related to 

mnnnflr . that new relationships are discovered. ^ assoclat^ sweral 
new experiences during a short period of time, an awareness of the 
basic principle j^that account for these experiences may he developed. 

■X. t!r.ience exDeriedoes must he developed frcm the common Interests of 
the“e^2^ aSTes^JS In an understanding of the basic principles 
of science that; are related to these Interests s 

h Tnitial learning ojf first level ahstractions comes from ohseryntio^ 

• S and events Via all of the senses. Rrst hand 

experiences should, be enphasized* 

5 There is a continuum in learning experiences that 

^se^ion of particular objects and events, through those presented 
^li^r^ti-saMory aids, through the presentation of attract co ncep ts. 
Within the oontlmium of eaperienees, those located toward the concrete 

end are preferable. 

6 Motivation for further learning will result from meaningful and 
enjoyable experiences -with objects and events. TOienever possible ^ 
‘•discovery** experiences should be planned for through 

procedurS. Successful experiences in accounting for particular objects 
^ events will provide motivation for additional experiences with 

other objects and events ♦ 

7. Audio-visual materials should be developed for use 

* activities; for use in lieu of concrete experiences where these are 
inpractical; and for use in providing additional enriching experience . 
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The lack of coiMunicstive shills and the lack of 

mandatory that educationally deprived cmdren succeed * 

The tasks they undertake In school must be measured in difficulty an 
be ordered sequentially to guax:antee success. 

A wide range of materials together with opporti^tiea *0 
mSrltSto meaningful ws must T>e provided if each educatior^ly 
deprived child is to enhance his own self-confidence by noting s 
own growth in ideas and skills* 
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The ma^or outco^ 
the educationally 
attitude toward 



Of classroom experiences in science is to create to 
™ disBivantaged youth a desire to learn and a positive 

school. 
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11* The school program shotild improve the basic skills of speaking and 
reading* 

12. Ciiltiirally disadvantaged adolescents should be peiroltted to specialize 
in an area in -which they are specially Interested, 



1, !Ihe teacher must accurateiy assess the strengths, -weaknesses, and 
interests of each child in order to counsel and guide each in his 
pursuit of knowledge, 

2. Instruction -will of necessi-fcy be largely -with small groups rather than 
with the total class, 

3* The teacher must know the content and the processes of science; the 
childrens* environment, their fears and concerns, and be skillful in 
guiding their learning eijqperiences, 

4, Educationally deprived adolescents will have had many frustrating 
experiences so special care must be taken to enable each "fco succeed 
in each -task undertaken. This success should be used to reinforce 
and to motivate further learning. 

5. The teacher must be willing for the child to deal primarily -with 
specific objects, events, or persons as these ob^jects, events or 
persons relate to himself, rather than to be concerned primarily 
-with generalized activities, 

6, The teacher as a discussion leader accepts every response as a contri- 
bution and by questions , suggestions , and vocabulary directs the 
development of the concepts 

7. The teacher most be able to arrange a learning situation in which the 
youth*s belief in himself, his self image, escalates. Each must 
operate responsibly in a self -directed way to build a confident 
self-image, 

8, The teacher should become an active partner with the pupils while 
main-fcaining an appropriate teacher image fostering abilities before, 
as -well as during, the expected maturation time for these abilities, 

9. Even though educationally deprived, each cliild -will have had many 
‘experiences that may be used to promote learning, 

10. The same concepts should be developed in several -ways from a number 
of different but related experiences, 

11, The major purpose of laboratory experiences is to promote creative 
thinking, not to manipulate equipment. 




TO EDUCATIOKALLY DISAIVAMTAGED YOUTH 
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12. Reading materials should he selected to suji|plement the classroom 
activities out of vhich basic principles have been developed. 2h 
this -way the basic principles may be firmly fixed in mind and also 
skills and habits of reading may he taught. 

15 # Assignments should he short. Boapbasis should be on quality of vork 
rather than on quantity of vork. 

14. Vocabulary load should be kept at a minimum level. Sipecial effort 
should be made to teach the required vocabulary. 

15 . Mathematical calculations should he kept at a minimum level so that 
measurements and quantitative treatment of results enhances rather 
than stifles learning. 

16. Testing should be used parfmarily to promote learning. It should 
be situation centered and involve such skills as interpretation of 
data, application of principles, the formulation of appropriate 
hypotheses, as veil as to enable the student to assess his 
conprehension. 



GUIDELIRES USED TO SELECT SCIENCE EXPBRIEDICES FOR 
EDUCATXQMII.YDISADViU^ YOUTH 

1. Selection of topics for individual, small group or class Investigation 
must provide avenues that insure success. Therefore, the Investigations 
must center around directed inquiry S?ather than unassisted discovery. 

2. Each Illustrative or investigative activity should: 

a. relate to the pupils* common e:periences 

h. lead to a better understanding of the pupils* enviax>nment 

c. stem from and enhance the pupils* Interests 

d. be specific rather than generalized, especially at the 

beginning 

e. furnish a basis for Isprovlng language skills, especially 

reading and oral expression 

f. be of measured difficulty so that each may succeed 

5 . Each piece of apparatus, should be: 

a. simple so that attention may be focused on significant . 

observations 

b. so designed as to clearly show - perhaps to magnify - the 

quality being observed 

c. safe to use 

d. easy to aanipulate 

e. relatively durable 

f. relative? , inexpensive 

g. easy to store 
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PARI? n 

ILLUSTRATIVE ACTIVITIES AJRD PROCEDURES FOUISID EPPECTIVE WITH 
EDUCATIOMALLY DISADVATOGED YOUTH 

DITRODUCTORY DISCUSSION 



The teaching procedures offered in this program are esiperliiiental. 

0?he teacher is offered the flexibility required to meet the needs of the 
different pupils while directing their learning activities in a meaning- 
ful, sequential manner. The ma^or emphases are placed on concrete 
experiences and the quality of experiences rath ’ than on the quantity 

of content. 

The material is written with the assumption that the students 
have a limited reading ability and a poor command of the Biglish 
language. The formal textbook has been eliminated placing the responsi- 
bility of instruction entirely in the hands of the teacher. He must 
direct the learning processes by means of student-teacher verbal inter- 
actions with emphases being placed on oral discussions, reinforcements, 
and the development of a sound scientific approach. One of the ^asic 
problems — that of communication — can be greatly alleviated by initially 
utilizing the students* colloquialisms. 

The teaching will normally progress through three phases : 

1. Initial discussion supported by audio-visual materials 
to stimulate interest. 

2. Small group laboratory activities supported by discussions 
of particular relevant information. 

5. Pinal discussion to establish a conceptual framework and 
lead into the next topic. 



A suggested format for the teacher to follow in directing the class 
is presented in detail. Suggested comments to he made by the teacher 
to the class are written in CAPITAL LETTESS; suggested procedures and 
anticipated responses are written in small type. 

be used by the students are designated by the letter A followed by a 
sequential number ( A - 2 ). These are to be reproduced by thermo- 
ST'irit masters and Issued to the students at the teacher *s discretion. 
E^ensive use of audio-visual materials is necessary to provide 
meaningful concrete experiences. 

The student activities are to be duplicated by using thermo -spirit 
masters. The acetates can be easily prepared from the drawings in the 
appendix using 3M-127 thermo -acetates. A thermo-duplicator ai^ a sp^lt 
di;gplicator is the only equipment needed to prepare the student activities 

and prepared acetates. 




INTRODUCTORY DISCUSSION 



Introductory Topic - The initiation of the discussion pattern to establish 

rapport between the teacher and students. 

The purpose of the introductory discussion is twofold^ to establish 
a discussion pattern that reflects critical thinking and questioning^ and 
to establish an initial rapport between the teacher and the students 
in the classrooin. The topic consists of twenty -three separate optical 
illusions on prepared acetates to be placed on the overhead projector.* 

The students are to be encouraged to discuss the illusions freely and 
informally. It can be assumed that the students will be reluctant to 
participate for many reasons, some of which may be: (l) due to past 
experiences with failure^ (2; peer group influences, (5) fear of giving 
wrong answers resulting in ridicule, and {h) being conditioned not to 
participate. The teacher must establish an atmosphere conducive to free 
discussion and questioning. Each statement should be accepted, modified 
as necessary, and reinforced as a contribution. By design, optical 
illusions will serve this purpose quite well for there is not one entirely 
correct answer that can be determined without intensive questioning. Use 
as many of the illusions as needed to establish the initial rapport. 

TEACHER RESOURCE 

The optical illusions should stimulate interest and improve communi- 
cation in all three phases of teaching. This introductory activity 
is designed to "break the ice" and for orientation. The teacher should 
talk as little as possible but should not be reluctant to capitalize on 
points and suggestions that lead to the development of the pre-determined 
goals— that is to establish rapport and critical thinking. Most of what 
the teacher says is said in question form rather than expository form. 

His responses to student statements are largely questions or suggestions. 
An example would be if a student questions whether or not a line is 
straight, suggest the use of a straight-edge to determine the answer. 

The results of the discussion should develop the idea that only through 
questions and investigations can answers and solutions be determined. 

TEACHER DIRECTION 

Place a prepared acetate of an optical illusion on the overhead 
projector. WHAT DOES THAT THING LOOK LIKE? Encourage extensive 
discussion. Answer questions with questions such as "What do you think 
it is?" or solicit voluntary answers from the class. Capitalize on and 
encourage student’s suggestions for determining answers in a scientific 
manner such as observing, measuring, inferring, and experimenting. 

Follow the same procedure for other acetates. 

In conclusion, point out that the same object may appear different 
to different individuals. This is a problem of science. Interject the 
idea that individuals are different in thought as well as appearance. 
Examples are how fat is "fat", how tail is "tall", where is "there". 



*These may be purchased from the 5**M Company. Approximate cost is $35* 



DIET I 



FIRST CLASS LEVERS 
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TEACHER RESOURCE 

Every time a person moves he exerts a force and does work. Ifechines 
are used to make work easier. A force is a push or a pull. Jf the force 
moves something, work is done. Work may he expressed by the fori^la 
W = P X D. Any unit of work must Include a force unit and a distance 
unit. The force units used in these activities are those commonly used 
in measuring weight, namely, ounces, pounds, grains, kllograns, et. a . 

(The units of force, dynes and newtons, and of work, ergs and 

are too abstract for use here). Distances may be measured In inches, 

feet, centimeters, meters, etc. 

The resistances that are overcome hy forces are gravity, inertia, 
and friction. It takes energy to lift something, to start something moving, 
to stop something vhen it is moving, and to push something over a hard 
surface or through any medium. Friction may he lessened by substituting 
hard surfaces for soft surfaces, by lubrication, and by substituting 
rolling friction for sliding friction. 

Power is the rate of doing work. It takes twice as much power to 
do a given amount, of work in half the time. Power may be expressed by 
the formulas; 

F X D p __ foot«pounds 

T ■* seconds 

Power is commonly measured in horsepower. One horsepower is ^^^000 feet- 
pounds of work per minute, or 550 foot-pounds of work per second. 

There are s tuple machines and conpound machines. Compound machines 
are made up of two or more simple machines which work together as a unit. 
Simple machines are of two kinds; machines that turn, namely, the lever, 
the wheel and axle, and the pulley; and machines that slide, namely, the 
Inclined plane, the wedge and the screw. 

Levers are of three classes. In the first class lever the fulcrum 
is between the effort force and the- resistance force; in the second class 
lever the resistance is between the fulcrum and effoart force; in the 
third class lever the effort force is between the fulcrum and resistance 
force. The wedge is really two inclined planes placed back to back. The 
ficarew is an inclined plane -wrapped around an axle. 

“When working with machines that turn., one makes calculations of 
moments. A moment, or* torque, is the product of a force tijnes its 
distance from the fulcrum. The principle of moments is that the sum 
of the moments which tendbs to turn the machine in a clockwise direction 
is e.qual to the sum of the moments that tend to turn the machine in a 
counterclockwise direction. The machine is balanced when theae moments 
are equal. 

Uhen working vaith machines that slide, one makes calculations of 
work. Input work is the product of the force times the distance the force 
moves. Output work is the product of the resistance force times the 
distance that it moves. The principle of work is that, disregarding friction 
input work equals output work. 










IDENTIFICATION A)!© CLASSIFICATION OP SEVERAL MACHINES 
A. Lever 

1. First cl^ss 




I 

<7 



TflJOjO— L. 

jQixxuro 



jHria 



(feet) 



Cl 

I 



Hegl&taxxC6 Arm 

(feet) 







2. Second {class 

Effort! 
Force . 




■] 




I 




I 

i 

I 



Fa 

I 



ERJC. 



3. Third cjlass 



Effort 

Force 




Sjesistance Ann 



E 



i 



Effort Arm 




Resistance 

Force 



Fulcrum 

(Turning Point) 



Principle of levlers is that clockwise moments = counter-clockwise moments 
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B. Inclined Plane 




; rr Reslsxance 
Distance 



Input «ork = Effort force x length of Plane 
Output wrE = Weight of object x Height of Plane 



Principle of the Inclined Plane 

Input 



is that, disregarding friction, 
vorlt = Output work. 



C, Pulleys 




E s Effort Force 

R s ***5®^®“ (number of av®portlng ropea) 

of disregartog motion. 

Input worh = Output work. 



o 








the effort force. The formula is: 



Resistance force 
M.A. = Effort force 



or 



« A S 

MeAe — g 



The theoretical the distanoe 

hy dividing the distance that the effort rorce bbv j 

the resistance force moves. 



Distance the effoi*t moves _ M.A# = ^ 

M.A# — ])~ ^ <; t;anGe the resistance moves r 



to nachtaes that turn the mechanical ad^tage is calculated hy dividing 
Se“^rof the effort am hy the resistance am. 



Length of the effor t arm — 
M»A. length of the resistance arm 



V* A _ iifi. 

‘•‘•A- = ^ 
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VOCABULARY 

The vocabulary is not “to be a ’technical vocabiCLary j but rathez* a 
utilization of student vocabulary that will allow easier understanding 
of the concept through verbalization. The following vocabulary will be 
written with the teohnlcal tenns following the ’'coined terms” that are 
to be used as introductory terms in the classroom. It is important 
that the teacher Introduce the technical term by casually intersecting 
the technical term into the discussion periods until there is a con^lete 
understanding of the term, then the technical term should be formally 
introduced and become a part of the students ’ vocabulary. 



1 . 

2 . 

5. 

4. 

5 . 

6 . 

7 . 

8 . 

9. 

10 . 

11 . 



Turning point .... 

Pounds 

Bar 

Arm 

Resistance force.. 

Effort force 

Turning ;.... 

Balance 

Straight up 

Scales 

Moment of force 
or torque 



Fulcrum 

Force (unit of weight) 

IjCVGir 

Distance from the fulcrum to the point -^diere the 
effort force or resistance force is attached. 

Weight of the object to be lifted. 

Weight indicated by the spring scale. 

M^ement around the turning point due to moments of 
force or torque. 

When arms are the same distance from the floor. 
Moments of force are equal and opposing; equilibrium. 
Perpendicular direction. 

An instrument used to measure ■weight. 

Product of a force times Its distance from the 
turning point. 



Topic 1 - The lever is a machine. The lever shows wel^t relationships. 

SCIENTISTS INVESTIGATE EVERYTHING. THEY ELAY WITH ANITHING THEY CAN 
GET THEIR HANDS ON. IT SEEMS THAT BY LOOKING AND MEASURING WHAT THEY SEE, 
THFf CAN FIND REASONS WHY SOME THINGS HAPPEN AS THEY DO. YOU HAVE DONE 
THE SAME THING MANY TIMES. FOR EXAMPLE, HOW MANY MACHINES HAVE YOU SEEN 
THIS WEEK? ' 

List all responses on the overhead projector. Do not expect an 
immediate response. Also ask "How does it work?" Emphasis should be 
on leverage, turning, force, and work. These emphases -will have to be 
made by the teacher as supporting rexaarks. 

Place on the overhead projector a prepared acetate of a shovel, door, 
rocking chair, jack, hammer (pulling a nail), and a bar picking up a rock 
(first class lever). The discussion should compare the items to a bar; 
stress the point of turning. Emphasize the meaning of work while casually 
inserting the terms force and weight. 



o 
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Topic 1 (continued) 

HOW ABOUT YOU, ABE YOU A MACHINE? (Discussion) WHAT IS A MACHIHE? 
(List all replies on the overhead projector). PROM OUR DISCUSSION WE CAN 
DEFINE A MACHINE AS SOMETHING THAT DOES WOBK. SO TURN AROUND AND SHAKE 
HANDS WITH A FEILOW MACHINE. 

LET’S TAIK ABOUT YOUR ABM MACHINE. HOLD YOUR ARMS OUT STRAIGHT OUT 
TO THE SIDE OP YOU. (Teacher demonstrates). NOW MOVE FROM SIDE TO SIDE 
THREE TIMES AND COME BACK TO BALANCE (While' anus are still straight out). 
WHAT WOULD YOU SAY BALANCE IS WHEN YOUR ARMS ABE AS THEY ARE NOW, NR. 
MACHINE? (Get one or two statements then tell the students to rest 

their arms.) 

Discuss the idea of balance until the definition of balance is well 
understood by giving other examples (carpenter’s level, see-saw, et. al. )« 

LET’S DEFINE BALANCE AS WHEN ARMS ARE THE, SAME DISTANCE FROM THE FLOOR. 

ANY ONE HAVE ANY OBJECTIONS? 

Pass out sheet A - 1. 

TEACHER DIRECTION A - 1 

THE EFFECT OF WEIGHTS ON THE LEVER 

Let the students voluntarily group themselves into groups of three. 
Materials for groups of three:* 

1. Bar (one inch dowling, 56 ” long, with 2 holes, at 9 and lo inches) 

2. Two wire hooKs (to be used as hangers for washers) 

5 . Pin (l/k inch dcwling, 12 inches long) 

k, 5 washers (weights) 

The purpose of this first activity is to determine the nomenclature 
of the lever and to familiarize the student with the equipment. 

Place a prepared acetate of a bar, pin, hooRs, and shoes (assembled) 
on the overhead projector. (Do not comment on this acetate). 

ITIE SCIENTISTS GIVE EVERYTHING A NAME, SC LET’S mm THESE ITEMS. 

O.K.? (Hold up a bar) WHAT IS TEES? (Discussion) LET’S CAU, IT A BAR . 

(Place the pin through the hole in the bar (middle) and spin the bar.) 
WHAT ARE WE GOING TO CALL THIS PLACE WHERE IT IS TURNBIG? (Discussion) 
LET’S CALL IT A TURNING POINT . 

NOW WE HAVE TO CALL THIS PIN S0ME3THING. (Discussion) LET’S CALL IT 
A PIN . (Discussion) 

*These can be purchased at a hardware store: 1" dowling at 12 cents per 

foot; l/i" dowling at 5 cents per foot; 1" flat washers (4 oz) at 7 cents 
each; 1 / 2 " flat washers at 1 cent each (i |-5 per pound). 






Teacher Direction A-1 (continued) 



BY USING THE HOOKS, BAR, AND THE PIN, FIND OUT WHICH OBJECTS ARE 
THE HEAVIEST AND DRAW YOUR RESULTS ON THE DIAGRAM©. 



teacher direction a -> 2 

DBITIRMIHING the weight OP AN OBJECT 

•ylhen the studente have con^Xeted Activity 1, re^d ttem 
, t. 4 . n-p the har for this second activity. The sneeu lor 

Sy 1 after the ccn^Xeticu of activity 1. 

Topic 2 - Moving the turning point on the har changes the force reauireijents 
to balance the lever. 

the idea op baiahce is a comeucat® matter ato sciehtists have leabsed 

WCH MORE laOOT IT. OHE THING THEI CBSEIWED IS THAT THE TUSNUIG POIHT DO® 

HOI HAVE TO BE IH THE MBDIE OF THE BAR TO BAIAHCE THE BAR. 

HOW COTJLD YOH BAIAHCE A BAR IP THE TURNING POINT IS HCT IN TEE MTDDEE? 

The diaeusBion should ea^hasize the weight relations and 
the a^ of to lever. Use to discussion to words, sr>as, weight, force 

turning point, and bar. 

IP WHAT YOU SAY IS TRUE AND THE EAR CAN BE BALANCED WHEN THE TURNING 
POINT IS HOT IN THE KDDHS, YOU SHODID BE ABIE TO SHOW IT. SO SHOW IT 
HHH the MATERIAIB yOO had Dt the east ACTIUITY. do you -mHK YOU CAN? 

LST*S FIND OUT. 

Pass out sheet A ~ 5* 



teacher DUffiCTIONS A - p 

the EEVEB WHEN THE TURNING POINT IS NOT IN THE MIDDEE 



{^bterlals for groups of three: 



1. Bar 

2, Two ydre hooTsB 



5. Pin 

h. Weights (-washers) 



The students are to place the hoote on to 
not to be discussed at this time. 




p 

I Materials for groves of three: 



u Bar 5‘ Pin 

2, Two vire hoolis 4, Five weights 



The "balance can he used to find out which objects such as shoes ‘are 
heavier. The heavier shoe will cause the bar to turn downwards and not 
be in balance. This idea of "balance then can be a useful tool for finding 
out how much something weighs • 

The bar, pin, and hooks are to be used to determine which shoes 
weigh more. The results are to be drawn on the diagrams below. If you 
do not understand, ask your instructor. 







Left 

Shoe 




Right 

Shoe 

1 



Left Left 

Shoe Shoe 

^ ^ ^ 




\Jhich is heavier 



Which is lighte r 



Right 

Shoe 






Right 

Shoe 






O 



"Which is heavier 



When you have conpleted this activity, obtain A ~ 2 from your instructor, 
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DmRMENING THE WEIGHT OP AN OBJECT 

Now that Activity 1 is conqpleted, obtain -weights from the instructor 
and find out how much the shoes really weigh. Be sure that the hooks 
are placed on the end of the har. 

Find out how mach the shoes weigh by using washers to balance the 
bar. The results are to be drawn on the diagrams below. Eow many -washers 
does the shoe weigh? Wei^t may be esqjressed by the number of -washers 
as well as in pounds or ounces. 



Left 






— — 


3 

Number of -weights 


1 


1 , . . .■ - - 

Left 








Shoe 


TN 


Weights 




i"-' " 


u 










Number of weights 




r""" ”” 


— © — 


T 





Nuxnber of weights 

I " ■ ■■ — 



EXAMEHATIOH 



A - 1 and A - 2 




,, 0 

weight 1 2 

Set up a deiaonatratlon using the har, pin, hoohs and various oD3ects 
as velghts, to determine uhleh of the objects is heavier. Use the 
aravlng above as a guide. After finding out which one is heavier, answer 

the questions helow* 



1 . Is the bar in balance after putting the weights on the ends of the lever? 



2 . Is weight nuciber 1 heavier than wei^t nuxaber 2? 




5 , Is the turning point in the middle? 



Teacher instructions ! 

Have each group to reaeserable their apparatus for A-1 and A-2. 

Then proceed with the examination hy asking leading questions to each 
group while circulating among the gro\Q>s. Insure success through dis- 
cussion with each group. After the small group discussions, instruct 
the students to write the answers to the questions Independently stating 
the reasons why they answered the above questions as they did. 

O 
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Teacher directions A-5 (continued) 

SCIEIITISTS HftVK lOTTO OOT IHfeT THE B&B HAS WO DIPEEKEBT TO>E3 OF VSBS 

VHEH THE TDlffilHG FOE® IS HOT ra THE THE NUMBER CF 

moms HEEDED TO BALAHCE THE SHOE IS VEST DIPEEHBHT WHEN THE SHOE IS 
AT DIFFER0IT EHDS. YOU ARE TO FIND OUT ON WHICH HID WE SHOE SHOM) BE 
PIAOED, A® THE HUMBER OP WEISECS HEED® TO BALANCE THE EAR WH01 THE SHOE 

IS HACED ON EITHEE ®D OP THE BAR. I 'THEK YOU ALREADY KHW, BUT YCW 

MJSf SHOW Ix. 

Place a prepared acetate on the overhead projector showing shoes 
and Sts to Te oorSfeot places, hut do not nentlon it to the class. 

After A - 3 is conmleted, the elaPJ is to reasseiible for a d^casslon 
.p «T.ineitv3^s using a prepared acetate. The Introduction of the 

stLSed. The tetfs MTA ^d WFOmTION 

c^bf^ed I^^erchangeahly. There should be no e^ort ^ 

the term data, hut luahe repeated use of the term both verbally an 

vritten form. 

This discussion -^rill he centered around the instmctor vho is verbally 
ashlnf to the large group and writing the tote on the ^rhead 

proj^or. Use no structured approach, hub from a voluntary recitation 

gather data. 

THE WIOraiATION CONCEEHIHG SHOES SHOULD 3E PLESTIFOL. -WITH YOUR 
BAR YOU HAVE WBIOED TB® MANY TIMES A® COLLECTED A LOT OF DATA TO GIVE 
YOU THIS INFORMATION. SO LET'S FETO OUT WHO HAS 3HE HEAV1BST SHOE AND 
WHO HAS THE LEFTIST SHOE. 

Using a prepared acetate as shown heXow, record all tota. You nay 

■ auestlon the TOl^ty of some of the results, but record th^ “ 

students question it, encourage guestiontog a®’' to 

to p^form the needed test to prcwe It. The selection of students to 

p^orm the activities to front of the class should reflect gwd 
It will be necessary to use the lever of the group to ^estion. If 
to select a student, then the teacher should demonstrate by setting \xpa 
lever. If students fail to question the validity of certain tesults then 
•tile teacher should encourage questions concerning the validity by ashing 
leading questions. 

For overhead pro.lector 



DATA ON SHOES 



Group 

Number 


Heaviest shoe 


Li^test shoe 


1 






2 






3 1 






4 






5 


\ — * 





r ! 
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After the heaviest shoe and the- lightest shoe have been se^cted 
the discussion shoiad lead into mechanical advantage. The Ir^portairt Idea 
tf ttot S leverage it mies a great deal of difference you 

change the position of the turning point. This should he obvious to t^ 
studentB at this point tut a vertal admowleagement should te 8iye“* 

(ia he acooniillBhea hy referring to a car stuck in the sand and the ^ise 

rs.4^ o *1 Os*»»rfA ft ft.fi ft l0V0!l ^ m 

■wx ft* ■ 

YOU IT 1«ES A LOP OP DIFFERENCE WHERE THE SHOE IS LOCATED ON 
THE BAR. IF IT IS ON THE SHORT ELH) OP THE BAR YOU CAN MOVE IT MORE 
EASILY, BUT IP IT IS ON THE LONG END OP THE BAR IT ISN'T AS EASY TO MOVE. 

RIGHT? 

(a short discussion will establish this point. ) 
tT Hf p TO: IS A DEFINITE ADVANTAGE IN KNOWING ON MICH END TO PLACE THE 
OBJECT YOU WANT TO MOVE; FOR EXAMPLE, IP YOUR CAR WAS STUCK AND ALL YOU 
needed to do was lift ONE WHEEL, AND YOU HAD A LONG POLE, HOW WOULD YOU 

GET THE CAR OUT? 

(other exanrples can be used. How would a house mover lift the corner 
of a house?) 



TEACHER DIRECTION 



A - 

HOW A SCIENTTST WORKS 



Materials for groups of three: 

1. Bar 2. Pin 

The following discussion should lead the class into a mosre scientific 
apnroach in investigating the lever. The crude bar ^d 
and these inadequacies when critically analyzed should reveal the need for 
better equipment and a more refined technique. The term FRICTION should be 
introduced as it applies to the fulcrum. 

Pass out the bar and pin used in A • 3» 

LOOK AT YOUR BAR AND MOVE IT VERY SLOWLY ON THE PIN. (The teacher 
should demonstrate both tumirig and sliding movement. ) 

NOT LET’S CRITICIZE OUR RESULTS JUST LIKE A SCIENTIST WOUI©. MAT 
THINGS CAN YOU SEE THAT WOULD CAUSE YOUR RESULTS TO BE INACCURATE? (List ai^ 

responses on the overhead projector. ) Stress friction. State ways that it 
may be overcome. Encourage the need to provide equipment to overcome the 
Inadequacies using references to the available equipment to be used to 
the following activity. An exanple would be the use of a thin ec^e to the 
place of the pin for the fulcrum. 

Pass out A - 



o 
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Student A - 3 

THE LEVER HHM THE TUMING POIKT IS NOT IN THE MIDDLE 



Materials for groups of three: 

1. Bar 5. Two wire hool® 

2. Pin Vreights 

The “balance can he used to find out how much objects weigh. You will 



know the number of weights needed when the bar Is in balance. To balance 
the bar, place a shoe or the ob^ject to be weired on one end and the 
weights on the other end. The difference in the nunher of weights needed 
is to be determined \^en the turning point is not in the middle of the bar. 
The results are to be drawn on the diagrams below. If you do not understand, 
ask yoxxr instmctor. 



Left 

aoe _ n 


Weights 


Weights 


Left 


%r VC/ 


% 


a kz^ — 


1 


Number of weights 




Number of weights 












Right 

^hoe 


Weights 


Weights 


Right 

Shoe 


o' 


Ir 


j 


1 


Number of weights 




Number of weights 












Bag of 
sand 


T'Jelghts 


Weights 


Bag of 
sand 


4 “ U 

Numbet of weights 




U 

Number of weights 


1 








—I 


Heaviest shoe 




Heaviest shoe 


, weights 


Lightest shoe ..... 


.... weights 


Lljo^test shoe 


. weights 


Bag of sand 




Bag of sand ........ 


. weights 
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examhsation ^ ^ 

Situation test: The teacher reads the situation and questions to the 

class. The students are to use their own pencil and paper. 



IP BIG JOHN A!® LITTLE BILL VEKE OM A SEE-SAW WITH THE TOHBIHG POIHT 
IB THE MIDDLE, THE SBE-SAW WOOED HOT BE IH BALAHCE. (Conduct a free ^ 
discussion, with the teacher providing leading questions to Insure under- 
standing. Ose overhead projector niustrating the situation hy a freehand 
% 

drawijag . ) 

X. WHO WOULD BE CLOSEST TO THE GROUMD? (Teacher Instructs the students 
to answer hy telling who and vliy or how they laiow. ) 

2, WHAT WOULD HAPPEN IF BIG JOHN JUMPED OFF THE SEE-SAW? (Teacher 
instruction same as in question 1. ) 

5. IP LITTLE BILL JUMPED OFF THE SEE-SAW WHILE BIG JOHN WAS OH IT, WHAT 
WOULD HAPPEN? (Teacher directions same as in question 1.) 

h. IF LITTLE BILL AND BIG JOHN BOTH JTMPED OFF THE SEE-SAW AT THE SAlffi 
Tip, WHAT WOULD HAPPEN? (Teacher directions same as In question 1. ) 



Teacher inatruction ! 

This veirhal test on A - 5 is to follow the class discussion after 
completing the activity. 
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Teacher direction A - ^ (continued) 

The reading material should x’einforce the alDOve discussion. The 
teacher must relate the reading laaterial to the activities. 



The terms UJ'I’ERPRTfUJG and OBSL’RVATIOHS in the reading material vill 
he new words and must he clarified hefore the students begin reading. 



The following discussion is to reinforce the reading juaterial and 
give the studoits confidence in their reading ability. The teacher should 

^i* * 4« M ^ y^\m . X. ^ X 

%/A4Vr M V V. X. V'f? d XWX ^UUUO./.JL^ OV VIUO VX V;XdC74i<I 

reading assigjunent. 



DID THE HEADING MATERIAL BRING UP AI^Y QUESTIONS NOT DISCUSSED IN 
CLASS? (Discussion) 

A short disciisslon of the points in the last paragraph of A - 4 will 
he needed if not initiated by the students. The discussion should introduce 
A - 5. 



TEACHER DIRECTION 



A - 5 



INCIdlLASING ACCURACY WITH LWSSB 

Ifeterials for groups of three: (H.B.U. -1^, blue drawer, boxes 1 and 4) 

1. 1 wood ruler 5* 1 fulcrum bracket (pin) 

2. 1 hardboard 5” x 15 ” 6. 1 lever holder 

5* 2 slotted hardboard supports 7. 2 hoists and nuts 

4, 1 plastic tube 6. 6 -wsieherB (weights) 

The students are to follow teacher instructions in assembling their 
apparatus and not get ahead. The teacher should have a preassembled model . 

ATTACH THE FULCRUM BRACKET TO TIIE HARDBOARD WITH TBS iAv’^O BOLTS AND NUTS. 

(The teacher should show the position on the assembled model for a3d 

steps. ) NEXT, ATTACH THE SLOTTED HARDBOARD SUPPORTS TO THE HARDBOARD AND 

INSERT THE PLASTIC ITBING FOR STABILITY. Pauso. NEXT SLIP THE METAL LEVER 

HOLDER ON THE RULER IN THE MIDDIE AT ZERO. MAKE SURE YOU DO NOT GET IT 

UPSIDE-DOWN.* NOW PLACE THE IJtIVER BRACKET ON TEE iULCRUM BRACKET. Pause. 

IS IT IN BALANCE? 

PLACE A WEIGHT ON THE LEFT SIDE OF THE BAR SO THi\T YOU CAN SEE THE 
NUMBER 10 THROUGH THE HOLE. Pause. IS YOUR BAR IN 33ALANCE? (Discussion) 



* Harcourt, Brace and World, "Classroom laboratory 6", Investigation No. 12. 
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Student 



A - U 
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HCfW A r>0IEWr’IF5T WORKS 

The Boicatlst vrites aai aigonases what he ftoaB with other people. 
This is his way of checMiig on htoself. He aSks people to teU the truth 
.. m,Aat.iotiB. If he can't answer the questions, then he 

tries to find out the answera. Usually, he returns to his lahoratory an 
sits down to think about his problem and change his equipnent to obtain 
more accurate information, or data. He knows that accurate information 
is necessary in order to understand the infoBsation or data. 

After the scientist has obtained improved equipment, he then proceeds 
to do the experiment again, to the case of levers, he knows that ba^ce 
is hqportant. HO knows that friction at the turning point is not good. 

He knov-r. that aU the measurements are very important and must be «' 

He knows the weights must be accmitely counted. He investigates to find 
the answers to questions by observations, by recording data, and by 
interpreting data. He attempts to be careful in gathering his data so 
that bis conclusions will be dependable. 
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OteacJ;ier Direction A - 5 (continued) 



HACE AHOTHER «EI<aEP ON THE BIGg SUffi OP TBE BAS SO THAT YOU CAN 
SEE THE NUMBER 10 THROUGH THE HOSE. IS YOUR BAR IN aMAKCE? Pause. 

HOW DO YOU KNOW? 

HACE A ffiT C g ON THE lOT BAR SO THAT YOT CAN SEE THE 

bomber 6 THROUGH THE HOIB. IS YOUR BAR IK BAIASCEI (Discussion) 

.wrami <TH uim! H TGHT SIDE OP THE EAR' SO THAI YOU OAK SEE 

the SOMBER 7 IK THE HQDE. IS YOUR BAR IN BAIANCE? Pause. HOW BO YOU 
KHOW? (Discussion) WHERE SHOOED THE WEKfflT OK THE RBaT Sn>E BE PIACED 
POR THE BAR TO BAIAHCE7 (6) (Discussion) 

HACE TWO NEI®TS OH THE EM SIDE OH HUMBER 5 AND TWO WEIGHTS Of 
THE SIDE ON HUMBER 5- IS YOUR EAR IN 3AIAHCB? (Discussion) 

Pass out A-5* ^ 

NOW LOOK AT SDSET A-6. POIDOW THE DIRECTIONS AHD COMETfflE THE 

ACOTHY. (Discussion) 

Topic 3 - A luouient of force is the force ttoes the distance from the 
turning point. 



mCHBR DIRECTION 



A - 6 

OP FORCE 

Ifeterials for groups of three: Same as for A - 5* 

This activity will introduce the term ’w>»ent of 

force*, hut the term is not to he stressed at this tia # 

I^s out A - 

ASSEMBLE YOUR APPAR/lTUS THE SAME WAY YOU DID IH A-5- POIiOW 
procedure USING THE IHPORMATION Gim IK THE TABLE AND DHDEHMIHB « 
that BRINGS TEE I«m MO BALANCE. REKORD YOUR BESUTTS UHDER.F^ga 
OH IHB RIOT? SIDE OP THE TABES. 

table. 

letting the students supply the ans-vTors. 

HOW DD) YOUR BSUIPMENT WORK? (Discussion. ) WAS IT BETTER THAN THE 
PIRSE EAR? (Discussion) 
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Student 



A - 5 



INCREASING ACCURACY wm LIWSRS 






t 



MAteT ^R- lfi for gypiT^R "t-liroe! 

1, 1 irood ruler 5* 

2. 1 hardboard (5” x I 3 ”) 6. 

5* 2 slotted hardtoard supportsT* 

i»-, 1 fulcnnn "bracket (pin) 8. 



1 plastic tube 

1 lever holder 

2 bolts and nuts 
6 weights 



I 



Attach the fulcrxan bracket to the hardboard with the bolts and • 
nuts- Next, attach the slotted hardboard siqpports to the hardboard and 
insert the plastic tubing for support. Next, slip the metal lever holder 
on the ruler in the middl.e at 0. Make sure you do not get the ruler in 
the up-side-down way. Now place the lever on the fulcrum bracket. The 
lever should ncxvr be in balance. 

Place the weights on the numbers indicated in the drawings below 
and answer the questions. If you do not understand, ask yoor instructor 
for help. 



1 weight 
10 




;rum 

Is this in balance? 



Fulcrum 
5 this in balance? 




2 weights 








7 


T 


1 


_ 1 



Fulcrum 

Is this in balance? 




Fulcrum 
Is this ill balance? 



1 in » II t r 


■^rr i 1 1 j 


i M 1 1 n 


_J_L 1 J 1 i 



rifimw Miw n iii t rni iriti m m ir i jwiiTiii ii m n 1 n 11 1 iw t ir.iii w >‘ 
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Teacher direction A - 6 (continued) 

NOW LET’S TKT TO 33TTERPEET THE DATA. VHiAT CAN YOU PIGUBE OUT PH0f4 THE 

TABLE? (if the •‘blanh space is not mentioned, call it to their attention.) 

LET’S 'PILL IN THE BLANK COLUMN ON THE' LEFT SIDE AND TEE RIGHT SIDS OP THE 

TABLE. ON TJEIE FIRST LINE, LET ’S MUITIHr/ THE TOISER OF VEOTTS COLUMN 

TIMES TEE POSITION COLUMN AND RECOKD TEE ANSWERS IN THT BLANK SPACES. 

FIRST, MULTIPLY 2 TIMES 6. Pause. WHAT DID YOU GET? '12' RECORD THAT 

NUMBER IN THE BLANK SPACE. (Discussion) NOW MULTIPLY 2 TIMES 6 ON THE 

RIGHT SIDE. Pause. WHAT DID YOU GET? (12) RECORD Tl.iT NUMBER Si 

BIANK SPACE. (Discussion) Complete the chart in a g; iiallar manner. DO 

YOU KNOW W.T SCIENTISTS CALL THESE RESULTS IN THE FLANK SPACES? Pause. 

MOMENTS. SO WRITE MOMENTS IN THE CHART. ( Discuss'./ n) 

The following discussion is to develop the ”jf - - then” approach 
to learning. Instead of "if - then”, the term "wic.uld you believe’ may 

be used. 

Instruct the students to get a perr.li. and bheet of paper. 

WOULD YOU BELIEVE, THAT IF TWO WEIGHTS WERE ON 5 ON THE IjOT SIDE, 

THE MOMENT WOUID BE 10. LBS. (Using the overhead projector, make sure 
the students ujidex*stand the procedure. ) Then make this a game by asking^ 
the students to pose questions. You may have to give several more exaig^les 
and the students may not choose to ask questions readily, but be persistent 
and try to make it into a game. 

WOULD YOU BELIEVE, THAT THE MOMENTS ’^OULD BE EQUAL AND THE BAR WOULD 
BE nr BALANCE, IF THERE WERE TWO WEIGHTS ON 5 ON THE LEFT SIDE, AND 0?IE 
WEIGHT ON 10 ON THE RIGHT SIDE. Develop this by using the same procedure 
as above. 



TEACHER RESOURCE A - 7 

DETERMINING MORE CC8CPLEX MOMENTS 

This «crtivity is to develop the concept of total moments of force. 
The total moments of force can be determhied by adding the moments on 
each side of the lever. The total clockwise moments must equal the total 
counterclockwise m(snents to produce equilibrium or balance. 













I 
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Student A - 6 

Oy FOP.Oii’ 

I-laterials for groups of three: 

Same &s A - 5» 

Mary scientists use the seme method Tor solvijig a prohlem. First, 
they determine vkat questions need to he aasvered and then they try to 
think of some possible answers . TTejcb, they e^eriment, collect data, 
and place it In a table similar to the one below. ’Ihen they try to answer 
their questions from i.he information recorded in the table «?nd by discussing 
it with other s^'lentists. 

Complete the tabi.e ■belo\^ by filling in the column left blank under 
"Position" on the right side by exp.-^rirae/itstion. Remembor, your lever 
must come to balance. 



'l\ 

LE3PT SIDE *1 

t| 


[- ^ 

RIGHT SIDE 


ITumber of 
weights 


Position 


[m « 


Number of 
j weights 


Position 




2 


6 




■ 2 






2 


’ 

6 




1 






5 


4 




2 






5 


! 




1 






5 


5 


* 


1 






0 


6 










k 


k 




2 






1 


12 




I 3 

[i 







After completing the o:-:periment, take your ai:)paratus apart and 
return it to the proper place. 



FRJC 
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Teacher resource A - 7 (continued) 




If each force (E) = 1 -we right (\msber) 



Count erclockwis e 


s: 






clockwise 


F A D (effort) 


r: 


R X. D 


+ 


R X D (resistance) 


moment 




momeiit 


O. 


mowent 


1x8 


5T. 


1 X 


•t 


1x5 


8 




5 


+ 


5 


8 


MM 




8 





The lever is therefore In balance. 



The direction in -whitjh the force is helng exerted detemin.ee “/hether 
it is a cloclcwise or coimtercloclcwise jno\T-.ent. 

TEACHER DIRECTION ’ A ~ ? 

DETBRtCENIJIG MORE C0^2?I*EX MOMEtJTS 

Materials for groups of three: Sasie as for A - 6. 

ASI7W0E YOUR AHARATUS THE SAME WAY’ YOU DID IN A-6. DO NOT BEGIN 
THE .-gXPEROT'IT UNflL ALL HAVE COMPLITEar^ AOSEMBt'XKG THE APEA.RATUS. NE WHIi 
VIAFJ? TO DO THE FIRST COUPLE OF PROBI* TOGETHER. SO, DO NOT BEGIN UNTIL 
ALL ARE READY. 

Pass out A-7* 



o 



Teacher direction A ► T (cent Ivjed) 

The students are to ioliov along with their apparatus as the teacher 
demonstrates on the ovo rhejud projector- v5.fh the prepared scetate. While 
leading a discussion, make all ore follcn^lng your instructions. The 

students are to fol3.o«’ the der;:onstrati6n diagram on the first page of A-7* 
After completing the demonstration, havf' the students complete the table 
on the second page of A ~ 7» 



After the apparatus has been disassembled and replaced, begin the 
discussion of the activity in the class group i-^ing the overhead projector 
and a prepared acetate of the table. Tbie students should have pencil and 
paper for calculations. 

NOW, I-ST’S LOOK AT THE TASLE AW TKX TO HJTrld-'RST THS DATA. VHAT OAN 
YOU FIGURE OUT FROM THE ‘TABLE? 

If the blank space is not mentioned, call it to the students’ attention. 
The teacher should proceed to fill in the table as in A-6. Some acting 
by the teacher will be necessary to dramatize the relationships of moments 
of force. In this discussion, the term MOMEUTTS OF FORCE should be used 
freely. Compliinoiib student usage of the term. 



The following discussion is to develop the ' if - then" approach to 
learnir^g. Instead of "if - then”, the term "’/rould you believe" maybe used. 

"WOULD you THAT IF OHE \-?BIGHT \^AS PLAC^SD Oil THESE AHD ONE 



WEIGHT WAS PLACED ON FIVE OK THE a^ilv® SIDE, ‘'ilS M0»IT3 OK THAT SIDE 



WOULD BE EIGHT, Yes. Proceed wit:-! Individual calculations followed by 
demonstrations using the overhead pro jector' and a preassembled apparatus. 
WOULD YOU BELIEl^, THAT FOR PALAKCS, THE MOMENT OF FORCE ON THK OPPOSITE 



SIDS WOULD HAVE TO BE EIGHT? Yes. 



You nay hax'e to give severai. more exar^ples to encourage students to 
pose similar questions, but be persistent and try to make it into a game. 
Atteiirpt to get all the students to participate. Explain the use of the 
terms clockwise and counterclockwise to desigrxate the direction of 
rotatioxi of the lever. 

WOULD YOU BELIEVE, THAT IF TWO WEIGHTS WERE PliACED OK h ON THE LEFT 
SIDE, THAT THE COUiraRCLOClCWISE MOMENTS OP FORGE WOULD BE 8? Yes. 
(Discussion). 

"WOULD YOU BELI.E7E", TEAT IF OFS VnSIGKT WAS PMGED OK AND ONE 
WEIGHT WAS PLACED ON 6 ON THE RIGHT SIDS TEB LEVER, THAT THE LEVER 
WOULD BALANCE IF TWO WEIGHTS WERE HACEO OK 5 ON TEE LEE‘T SHE OF THE 



LEVER? Yes, 



Student participation and demonstration on a preassemb3-ed appax’atus 
will be necessary. Have them Identify the clockwise and counterclotikwise 
moments. Have the students, as n group, suggest severe 1 combinations to 
further investigate momen-'-s. Or smal3 groups may develcp their own table 
and then test their prodlcoiOvis, 










STUDENT 






A “ 



BETERMIiraC MORE CO!4PL'RK M014ENTS 



Materials for groups of xhi'ee : 

Same as A 6. 

la our eorXier di.ouc.iono, fcuvd out that vhen the lever vaa in ^ 
halanee, the no^ente of force on the left side vero the aane 
of force on the right aide. Semetfoer hov you found cud. what t,.e wm n- 

.ore? YOU just mltfolied the distaxioe of the weights from the turning 

•f> 'o^ahr,s It «f^fcnis, then, that the moment- aetermine 
point times the maniDer of -v^eigln^s. 9 

when things ere in balance; they must he the same on each aide. 

But, what would happen if ve bad more than one weight on ^ ^ 
sides? If the lover is in balance, the moments on both sides must still 

''letrcollect some data using youx arparatos and find out more about 
moments. Obtain the data and cor®lete the table or. the second page of 
A-T by filling in the oolum under 'Moment' on the xeft and iig ' s 
Benemher, your lever must be in balance to obta:in accurate data . 

To help you understand the table, your instrxictcr wul work the 

first one with you using the diagram below. 
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STUDTO A - T 

Page 2 



Moments of 5’o.rce 



O 



o 






er|c 



jETijjaiJer 



Left Side 



Veight Position Moment 



Bight Side 
VTeight Vcsition Moment 
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b 



t 




\j:av. JNCLINFD KANB 



TEACHSa BESOUBOE 




Pvosistance 



DistsDce 



s- £ gssJ £s xr,sss s“.sj*is: sJ» - » 

0 Ut.»». B.« th. W S 5 S«',»r« 1 . 

"• 16 eaualTforce -.tea d.ctance ®en the reaiatanoe 

the dlatLe la 0 , therefore, the .6 0 . 

k, The formulae, for mechanical advam^age are. 






A.-tua l o:i: reaista nc^^ (Actual M« A.) 

M. A. ~ Effoi’t force (1; 



i 



“ Height 



Length o f i-lsne . (Dej_ 
iiferSf plane 



(ideal M. A. ) 



^ -n. «-5T AOPov»t -p^-^r a small e:cperiaental error. 

I: ke Iholiri to th. "angk between the plane ^nd the 

In the lahoratory activity an angle of JO wj.il ot rsen. 



M. A. - T =2 

a- 



f eric 

!»\ MgfnffWO.^RM.IWltTa 
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Topic 1 - Work is the product of* the force thaes the distance. 

The concept of *work* and of ’mcblnc’ must he developed to 
understand the inclined plane. Th.iu3c of the human hody ae a machine. 

MR;' MACHUSTE, CM YOU DO ANY WORK? (Discussion.) WHAT IS WORK? 

raw YOU DO WORK WIMOUT- EXERTING A FORCE? (Disciussion) 

Should the question of mental fatiKue arise, limit the discussion to 

Bioloizical measurements will 

he studied later, hut explain that nental acitivity is definitely tirlTig. 



DO YOU HAVE TO MOVE SOMETHING TO GET WORK DONE? Yes. (Discussion) 
WE HAVE AGREED THAT BOTH FORCE .AND DISTANCE ARE NECESSARY TO DO WORK. 
SCIENTISTS SAY THAT W0]E?K IS FORCE TIMES DISTANCE. 

Write on the overhead pro;} ec tor "Work ~ Force times Distance". 

SO, LET’S DO SOME WORK, (instruct a student to push on a -wall. ) 

IS HE DOING A3STY WORK? No. (Discussion) WHY? (Discussion) SOMEBODY 
DRAG HIM A CHAIR. (So not let the student carry the chair. ) (While 
dragging the chair), IS THE CH/\IR DRAGGER DOING ANY WORK? Yes. 
(Discussion) WHY? (Discussion) HOW MUCH FORCE WAS EXMiTED? (To 
determine the force, drag the chair vith a large spring balance.) 

Have several students measure the diets.nce the clKiir vas dragged, 

* Calculate the vork using the ove.rhead pro;}ector. Do other e^qperiments 
if requested. 

TEACHER DIRECTION A - 8 

WORK 



Materials for groups of three: 

1. Ruler 

Materials for the class: 

1. Bathroom Scale 

2. Large spring balance. 

Formal inst 3 nictions by the teacher have been omitted in this activity. 
Pass out sheet A - 8. 

Using the overhead projector and a prepared acetate, calculate and 
record the data needed to conplete the chart for A-8. The first three 
problems will show a definite relationship as the weight remains the same 
and the distance increases by one. The work will increase as the distance 
increases while the weight remains the same. 




Teacher direction A - 8 (continued) 



The term foot-pounds is in-croduced at this point and should be used 
||:hi^j;tb^^l8C«S6lon freely. Try to get the students to use the term, but 

its use. -juji^laln that foot-pounds Is the unit in vhich ‘worlr 
Tt is api»ropriate and ’’makes sense” since you multiply 
fe^ t^iKS distance, lote that ail formulas are written out. Past 
I ejiperiwces with- fbrmulas have shown that the only symbol which one can 
U30 successfully is the equal (») sign. 



UST’S COMPLEPE THE CHART TOGETHER, IF YOU HAVE .ALREADY C(MTMED 
YCWRS, CHECK YOUR RESULTS. 



Ask for weights of the books at random and list one of the answers 
in the weight column, then solve the problem on the side of the acetate. 
Ejqplain every step to the students. It is suggested you work the first 
problem with everyone paying attention, then ask the students to get out 
scratch paper and work the remaining problems with you. This is a good 
place to check the students* mathematics. Be sure to recognize success 
^enever possible. 

LET’S LOdC AT THE FIRST NUMBERS HI THE WORK COLUMN MSD THE FIRST . 
NUMBERS IN THE DISTANCE COLUMN. CAN YOU SEE iUmKING THAT SEEMS TO BE 
INDICATED? . (Discussion) As the distance increases, the amount of work 
increases. 

The relation of force, weight and work should be pretty -well* 
understood. Play the ’’would you believe” game. ’*WOULD YOU BELIEVE", 
THAT IF A MAN MSiCSSB I50 POUNDS, AND IS LUTED 2 FEET, THAT THE WORK 
DONE WOULD BE 5OO FOOT-POUNDS. Yes. Solicit problems from the class. 

"WOULD YOU BELIEVE”, THAT IF THE AMOUNT OP WEIGHT INCREASED AND 
THE DISTANCE MOVED INCREASED, THE AMOUNT OP WORK WOULD INCREASE. 
(Discussion) Solicit verbal work problems as above from the class. 



Topic 2 -» '.The inclined plane is a flat surface raised at one end. 

SCIESTISTS USE IHB TERM "FORCS”, WEIGHT, AND DETERMINE 

FORCE BY USItTG SCALJS OR SPRING BALANCES AS YOU DID IN THE LAST ACTIVITY. 

BUT WE HAVE LOOKED AT ONLY TWO KINDS OF FORCES, THE EPPORT FORCE AND THE 
RESISTANCE FORCE. WHAT IS THE DIFFERENCE IN THE TWO FORCES? (Discussion) 

The discussion should be very clear as to the relation of the effort 
force and the resistance force. The resistance force is related to the 
resistance, and the effort force is related to the effort# It should also 
be brought out that the resistance force acts in a direction opposite to 
the effort force. This will be very important In understanding the inclined 
plane. A good example is when the boy dragged the chair across the room. 
Friction should be discussed. I-t; should be stressed that it should be 
reduced before using a i^chine to d.o the work. In the following activities, 
friction will account for some of the experimental eri’or. 






mm 
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Topic 2 (continued) 

LET'S THINK OP SOME WAYS THAT THE EFFORT FORCE MAY BE REDUCED TO 
LIFT SOME OBJECT, OR RESISTANCE, (Discussion) Levers ¥i.ll tie mentioned 
tut tell the students to try to think c:? another vay. I? the inclined 
piano is not suggested, give an exanirols of hcn^ a aian on a ■wheel chair 

• gets into a house hy building a ramp or inclined, plane. A car going up a 

% 

• hill is another exsisple. 

IP A ROAD BUILDER WAS BUILDING A ROAD IN THE DESERT AND WANTED TO 
BUILD A BRIDGE OVER A RAILROAD TiRACX, HOW COULD HE DO IT? (Discussion) 
Make the point that the flat surface of the road would he raised to form 
an inclined plane. It would he impractical to build an elevator or use 
a lever. An ax hxade and a knife are other examples. The point to stress 
is t?Ciat the weight of the object does not change, but the amount of effort 
force required bo cause movement or bala:;ce does change. 



Pass out A - 9 

TEACHER DIRECTION A - 9 

INCLINED PLANE 

Materials for groups of three; (HBW > Blue drawer) 

’ 1. Ruler Inclined plane 

2. ^ring Balance 5* Truck 

3 . Two 4 ounce -wei^ts 

The inclined plane can he constructed by the s-budents from scrap 
materials from a wood shop. The plane should be at least four inches 
wide. 



The teacher should demonstrate the inclined plane and a3so show how ■ 
it works using a prepared acetate. Then the equipment should be issued 
for the students to assemble prior to a discussion of the procedures. '■ 

The students do not record cteta at this time, A trial run hy the students 
is advisable before they start collecting and recording data. Hall's 
carriages and other inclined planes inay also be used in addition to the 
toy trucks if interest is adequate. 

Advise the students to round-off the numbers representing the forces 
to the nearest ounce. A demonstration imy be necessary. Use of the 
truck to show how to round-off is advi.sable. It should also be recognized 
that the spring balances are inaccurate -which will account for some of the 
experimental error. 

After demonstrating the proper techniques, circulate among the groups 
helping them to succeed. 












4 
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A - 8 
WOBK 



:3 



Material for groups of three: 
1. Buler 



A single vord can have many meanings and can he used in many different 
ways. A good example is the word “cut”. It can mean turn, such as 
"cut the corner", or It can mean stop when you Jay "cut it out", or it 
can mean slice when you say ”cut the ’butter". Scientists long ago recog- 
nized this problem and realized that something had to be done so that 
8Ci«mtlsts everywhere would know what they meant when they used Important 
words such as work. 

Technically the word "work" is defined as "force times distance.” 

This means that some force must be used to move an object some distance. 

If an object is not moved, then no work has been done. 

Complete the table below by filling in the columns lefb blank. 
Remember, the force is measured with the spring balance, or the bathroom 
scales. Lift all o’bjects straight up and measure the dlsteace lifted. 

WORK 



OOBJfJCT 


DISOMGE 

feet 


FORCE 

pounds 


WORK 

foot-poiands 


1 book 


1 foot 






1 book 


2 feet 


• 




I book 


•5 feet 






2 books 


2 feet 


^ r-rt-w-r ^ 




2 books 


4 feet 






1 shoe 


2 feet 






1 shoe 


k feet 






1 chair | 


1 foot 




• 






1 



i 











Would it take more or less troik to lift 10 pounds 2 feet than to lift 
20 pounds 2 feet? Why?* Hov: much? 









MtMffeiMmnmMM 
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Teacher direction. A - 9 (continued) 

Alter completion of the activity, the student 1 are to reassenible as 
a class for a discussion of the results. Using the prepared acetate of the 
chart, solicit results from the students and perforoi the re<3,uired caLculationa . 

C^»y«Ani9 ^^ 51+1 \ vitr •Fv*’! envmmt'h i\^ I1IT5IS+. xrT^yflt 

WVJb ’W9I9 VX4V V y/^ilC4 w ^ W V w«» ?»<—•••• 

is the same as the amo^mt cf output work. Dven though the amount of *work 
is the same, the effort force and distance vary. This can be shown by 
an analysis of the data after con^letlng the chart. By ciuestlons, involve 
the students’ participation in the analysis. 

’VOUhD you BELIEVE,” THAT A BOY ROMINa TO THE TOP OP A BRIDaE WOULD 

DO THE SAME AMOUNT OF WOHK BY CL3MBISG A LADDER TO THE TOP OP THE BRIDGE. 

Yes. It may he helpful to make a drawing of the inclined plane on the 
overhead projector. Some numbers nm»y be needed (whole, simple numbers). 

The weight of one of the students may develop interest. Solicit and use 
problems from the class. 



TEACHER DIRECTION A - 10 

STAIRS AND WORK 



Materials for the class; 

1. Bathroom scales . 2. 50 feet tape measure 

The teacher should develop the idea that stairways are inclined 
planes. Steps are for human convenience only, but the plane remains and 
can be measured since the top of the stairs is higher than the bottom. 

!Ihis meets the definition of the inclined plane, that is, a relatively 
flat surface raised at one end* 

’’WOULD YOU BEIOEVE,” mT A STAIRWAY IS AN INCLB'TED PLANE? 

(Discussion) WHY? (Discussion) 

SINCE WE KNOW THAT A PLIGHT OP STAIRS IS AN INCLINED PLANE, WOULD 
YOU BELIEVE, THAT A BOY iOTOTG TO THE TOP OP THE STAIRS WOULD DO THE SAME 
AMOUNT OF WORK BY CLIMBING A LADDER TO THE TOP OP THE STAIRS, IP TEE LADDER 
IS STRAIGHT UP? Yes. (Discussion) LET’S USE TBIS KNOWLEDGE TO FIND THE 
EPFORP POHCE WE USB TO CLIMB A STAIRS. 

Pass out the first page of A - 10. 

' Place the prepared acetate on the overhead projector for discussion 
of the instructions and procedures on the student sheet. Pass out .page 2 
after the conrpletion of the first page. 

After coinpleting page 1 at the stairs, return to the classroom for 
calcvdations. Qa the prepared acetate, complete the table in detail with 
the class. 
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STUDENT 



A - 9 

INCLINED PLANE 



Materials for groups of three; 

U. Inclined Plane 

2. 3>prlng Balance 5- K'nck 

5 . Two 4 ounce wei^ta 




To a road huilder and the driver of a car^ the inclined plane is x&ost 
Inportant. To make the Inclined plane, the road huilder raises the flat 
surface of the, road on one end. This causes an Incline for cars t.o he 
driven iQp. As you know^ how steep a hill is, or its incline^ determines 
how hard it will he for the car to climb the hill. A very steep hill may 
' prevent a car with low horserpower from climbing it, or it may be so hard 
to climb that traffic will move' slowly near the top of the hill. 

As you know, when you are moving something, you are doing work. .You 
can find out how much work you are doing by multiplying the effort force, 
measured on the spring balance, times the distance the object is moved, that 
is the length of the plane. Work = effort force times the length of the 
plane. And of course, as you remember, work is also eq,ual to the resistance 
times the distance the object is lifted. This gives you two ways to measure 
work. Let’s find out if the work you do In pulling the truck up the 
Inclined plane is e^'^al to the work you do in lifting the truck the height 
of the plane. IS the effort force times the length of the plane, the same 
as the resistance force times the height of the plane? 



o 



I 






9 



ho 



STUDENT 
IPage 2 



A - 9 



Obtain an inclined plane and the other materials needed to find 
the answer to this question. Gatker data and oois^lete the table below by 
filling in the spaces left hlanh. 



I. Work r 4 Distance lifted (straijpit up) TIMES Resistance force (veight) 



n. work = length of Inclined plane TIMES Effort force 



Wox’k: The Inclined Plane 



OBJECT 


DISTAHOE 

height 


RESISTANCE I 
FORCE I 


WORK 

ft-cz 


LENGTH 

plane 


EFFORT 

FORCE 


WORK 

ffc-oz 


Truck 


1 foot 


h ounces 




2 feet 






Truck 

and 

1 veight 


1 foot 

t 


8 ounces 

t 




1 2 feet 






Truck 

and 

2 veight! 


1 1 foot 






2 feet 


• 





Is the amount of vork the same in both case I and case II for the same 
object? If not, you need to check your 'work. 

Try other objects if you vant to. 
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Teacher direction A-10 (continued) 

Page 2 of A-10 should not he given to the students until all have 
returned to the classroom. Do not strGS ^3 the derivation of the formula, 
hut answer all pertinent questions. 

After discussing and vorking the prohlems as a class, each small 
group vill choose one representative to weigh himsclji, and a groi 5 > of 
three, calculate the effort force required to climb the stairs. This Is 
to he done on the bottom half of the second page of A-10. 



Topic 3 - Power is the amount of vork divided by the time. 



TSACIIEIR RESOURCE 

Distance times Force 



Power = 



Time 



Vork _ Foot-Pounds 
Time ~ " Second 



Wo rife 

Horsepower = 5 ^ 6 ' x S ewa l? 



550 is the conversion factor 
One H.P. = 550 ft-lh/sec. 



WOULD you DO AS MUCH WORK WAIKING UP THE STAIRS AS FUMING UP TEE 
STAIRS? (DiscusBlon) NHY? Worsts not a function of time. Power is a 
function of time. 

• TELL ME SOMETHING. NE>: CAN SOME CARS ACCELEPATE PASTER THAN OTHEiiS 
EVEN IP THEY WIGU THE SAME? (Discussion) The term horsepower will he 
mentioned by the students. WHAT IS EORGSPOKER? (Discussion) HORSEPOWER 
IS THE AMOUNT OP WORK THAT AN AVERAGE HORSE CAN DO IN A CERTAIN AMOUNT OP 
TIMS. HORSEPOWER IS OUST Cm OP WAYS OP EXPRESSING POWER. SO LET’S 
TALK ABOUT POWER FIRST AND TEfiN HORSEPOWER. SCIENTISTS SAY POWER IS THE 
AMOUNT OP WORK DIVIDED BY THE TIME REQUIRED TO DO THE WORK. FOR INSTANCE, 

IP YOU LIFTED A 10 POUND SACiC OP SUGAR ^ PEST IN 2 SECONDS, HOW MUCH POWER 
WOULD IT TAKE? (Write the formula on the overhead projector using words, 
notsyaibols. ) FIRST, LET’S DETERMINE THE AMOUNT OP WORK. (Calculate the 
work on the overhead projector using the acetate with the formula for power 
written on it for the next two items.) THLS IS THE AMOUNT OP WORK REGARDLESS 
OP HOW LONG IT T0(K TO DO THE WORK. (Discussion) NOW, DIVIDE BY THE TIME 
AND WE HAVE DETERMINESD THE POWER. (Discussion) BUT WHAT IP IT HAD TAKEN 
POUR SECONDS TO LIFT THE SACK OP SUGAR? HOW MUCH POWER WAS NEEDED? 
(Discussion) Play the ’would you belielve * game soliciting problems from the 
class. 

HOW MUCH POWER DO YOU HAVE? (DisciASSion) LET'*S FIND OUT BY RUNNIRa UP 
SOME STAIRS. 

Pass out A-11. 









mmeitnm/tam 




STUDENT 



A - iO 



I 



STAIRS AND WORK 



Materials for the class : 

1. Bathroom scales 

2. T^tps measure 



Length of 

Inclined plane / 
feet / 

✓ 

/ 

/ 



Floor 



Height 

It. 



The above drawing is a diagram of some stairs. In this activity^ you 
are to find out how much effort you exert when climbing stairs. It would 
be very difficult to measure the effort force needed to climb the stairs 
with a spring balance. So, let's do it another way. 

You will need to kno^'T the weight of the object to be moved. In this 
case yourself, and the hei^t you are to move. Remember, the weight of 
the object times the height equals the amount of work. So,* let's determine 
the amount of work needed to climb the stairs. First, we will all go to 
the stairs as directed by your instructor. Bach group will be assigned a 
nimiber. 

1. Group 1 measure the height of the stairs. Group 9 also measure the 
height of the stairs to see if Group 1 measured them correctly. 

2, Group 5 will record the data for all measurements. 

5. Group k measures the length of the plane from the floor to the 
-top step. Group 5 will also measure the plane to check on Group 

4. Group 6 will supply a runner to run up the inclined plane (stairs). 
The runner will need bo weigh himself on bathroom scales when he 
returns to the classroom. Group 7 shotiid also have a runner. 

5. GroiQ>s 8, 9 and 10 will be advisors. If any problems arise, these 
groups will solve them. 
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HUMN POWER 

The stiudents are to use the same stairs for this acti^*ity as In A-10* 
Students shou3.d he instructed in stop vatch procedures for timing. Give 
the students nunibers representing the height and the length of the plane 
to write in on their draving. Each student is to determine his own power 
which will require each student to weigh himself. Caution students ahout 
running up stairs too fast. Answer all questions, then proceed to the 
stairs where each group will r^an up the stairs in a predetermined order. 

Use descretion in excusing students due to individual personalities. These 
can be given associated ^obs. 

After completion of the activity return to the classroom for a class 
discussion of calculations. Have students who can, calculate his power 
prior to the class discussion. You can reinforce the calculation in the 
large group discussion. A few calculations of individual horsepower will 
he interesting, hut the mathematics is too difficult for most of the 
students to perform alone. Proceed to the next activity in a short time. 



Topic ^ - n?he application of horsepower as the basic unit of power. 
TEACHER DIFECTIOR A - 12 

• mi HORSEPOWER BECAUffi HORSEPOWER 

The reading assignment is designed to deve3.op interest in measuring 
horsepower. The words accomplish, calculate, transportation, device, 
centuries, Clydesdale horse (Budweiser's horses are this species), and 
strength should he explained before the reading a.>signment is passed out. 



The calculations on the second page of A-12 can be discussed per f 
or may be calculated on the overhead. x^rc^iect or. It is recommended that the 
calculation not be made unless requested by the students. The calculation 
is as follows; 



Horsepower = 



2.5 X 5280 X 130 
3600 X 550 



10.1 



The above calculation is based on 2.5 mi/br, 5?280 ft/mi, I50 pounds of 
force (100 pounds effort force plus 50 pounds friction force) and 
seconds per hour. Do not do the actual calculation until the students have 
read the assignment and then only if requested* 



Pass out both pages of A-12. 

TEACHER DIRECTION A - 15 

HORSEPOWER TODAY 

It is doubtful that the students will understand the calculation of 
horsepower, but with disease ton and l.er^diag questions the teacher can promote 
some critical thinking and application. Atteupt to get the students to 
relate this activity to their environment. 
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HUMAN POWER 



Materials for groups of three: 



4 -* •Stcp’^vstcli 




Height 

feet 



Each student is to determine his own power. While one is running up 
the stairs, another meiriber of the group is to use the stop-watch to time 
the runner. The third member Is to stand at the top of the stairs to 
signal GO and STOP. 



•I 



HEIGHT OF 
STAIRS 


HESISTANCS 
weight of runner 


WORK 

foot-poiands 








Distance times Resistance 


= Work 


WORK 

(from above) 


TIME 

seconds 


POWER 

foot-pounds 




. 





Work divided hy Time = Power 



Are you a very powerful machine? 
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Calculation of Effort 




/ foot-pounds 

After conpietlng the above table vith your instructor,, find out how 
much effort force is needed for one member of youi- group to climb the stairs 
You should work together as a group on this prob3.em, Tliere should be three 
people ia each gioup. 




o 
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STUDBRT A - lii 

HOW HORSE POWER BEGAJ-JE HORSEPCMBR 

It seems strange that in our age of ^et planes and fast autoj!K)biLcs 
that scientists still measure pcwer the same vay they did during the period 
when horses were the main means of transportation. • The history of horse- 
power is an interesting story. The real story could he called ’*How Horse 
Power Became Horseporwer” In our world of progress and change. 

Mbtt first used simple machines to lift objects by using his own muscles 
to provide the force needed^ but this would not allow him to accouplish all 
he wanted to accomplish. The wheel, levers, pulleys, as well as any other 
device he could think of were used, but still man was limited to his own 
energy. One day a man had an idea about his friendly animal standing next to 
him. The idea was to use the animal strength along with his ownj so animal 
power came into being. Through time man realized the horse was a fine 
aninial to produce the force needed to accomplish the work. Many centuries 

t 

and many hours of work were spent by men and horses in the history of nan. 

The good horse may have been ”man*B best friend” for a long time, but now 
man’s best friend may be a motor or an engine because the horse cannot 



compete with the modem day machines. 

The beginning of man’s use of fuel to develop power has a long and 
Interesting history. An important event was the substitution cf Mr. OTames 
Watt's mechanical steam engine to replace the faithful old horse, Mr. Watt 
was a Scottish engineer who lived from 1736 to I 819 . He realized that steam 
engines were more powerful than the horse and tried to get coal miners to 
use the engine instead of horees to lift heavy buckets of coal and other 
objects. The men to whom Mr. Watt wanted to sell the engines were interested 
in knowing how many horses the machine would replace, fo BXiBm.v t^estion 
Mr. Watt started a scientific investigation to find out. 
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STODE^ A - 12 

Page 2 

Mr. Watt observed two Iraportent factors . The first was that nan 
became tired very quickly and therefore could not vork at a steady pace. 
The second observation was that horses vorked tirelessly at a steady 
pace for long periods of time. He decided to conpare bis steam engine to 
horses • Mr. Watt used a Clydesdale horse to valk round and round a wheel 
which was used to raise a 100 pound weight out of a deep well. He found 
that a horse cotsld work over a long length of time at a speed of about 
2 l/S miles per hour while lifting the weight. The fr'^ctlon of the wheel 
was 50 pounds^ so the horse was really lifting 100 poisnds pltsis ox'^ercoaing 
the friction of 50 pounds, or altogether I 50 pounds. Mr. Watt knew that 
the power was equal to the number of feet moved tines the weight divided 
by the time. The power of the horse was determined to be 550 foot-pounds 
per second, or y^,OQO foot-pounds per minute. So Hr. Watt said, and 
everyone agreed, that the power of one horse will not be called horse 
power, but HOBSEPOWER, and that 1 horsepower will equal 550 foot-pounds 
per second. The term horsepower is .still used today as you know, and 
it really means *'horse power**. Da other words, if your car has a 360 
horsepower - engine. It is the same power as 360 horses' under the hood 
if you use Clydesdale horses as Mr. Watt did. Do you know why it must 
be Clydesdale horses? 
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Teacher direction A-1? (Continued) 

The reference for the drawings is Brown and Sg^achtg^, 

The Story of Ener^, Heath and Company, Boston, 195^; PP 170-79* i«e 
foiii£la for thrcalculation of horsepower for the electric motor is: 

Force times t)ie Dist ance ( circumference) 
Horsepower . « Seconds for 1 turn times 55^ 

ss 27!; pounds times 2 feet _ 

1 second times 55^ 55^ 



K 1 horsepower 

The distance around the wheel can he measured with a tape measui-e or 
o>* it ^an he calculated* It is recommended that measuring he stressed 
and not the calculation of the oircunferenoe. Perform the oaloulations on.., 
if the students show adequate interest, ^ ^ ^ S p) 

The steam engine should he placed on the teacher’s desk Pf . 

to uassin« out A-13 to create interest. The students will want to play with 

all questions asked, hut do not stax^ the engine 

until after the students read A-15* 

vheol, and datcrmino the f 

the rtuSnt^use the steam engine only ««« a procedure 

tS tSiSss discussion. It is i^ortant that the students he to 

use the steam engine, hut under direct supervision of the teacher. 

All of A-« should hs read with the students aloud after tte students 
hoTfe r^ad it silently. Phe students 'should follow the reading 
Sher teal Sts. Exploit -tep and sentence. Bncourage discussion 

at all times. 

After congiletion of the activity, if the students wish to hri^ a 

hicyole Into tte classroom or bring motors from home for de .erni^tion of 

horsepower, encourage it. For the hicyole, about l/4 of the st^ent s 
horsepower, en ^ ^^rce (The tire on the bicycle wheel moves about 

Tt^sT^ ts tS rS thl^pedals. SO the tire vo^d p^h ha^rards 

ti^ntaS combined machines in the bicycle is one-fourth.) She 

distance will be the clroumference of the rear wheel, and the tme will be 
thetwberof seconds it takes the student to go the distance of the 
cSoS?Lce of the rear wheel. It will he necessa^ to go 
activity. The distance can he marked off by usmg chalk and tbt.n timing 
thflJuakt riding the bicycle. This activity will P®«"f 
individual investigations. Bncourage this and pursue all avenues of 
investigations that are suggested and reasonable. 



I^ss out A-15* 
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BORSEPOWEH TODAY 



We have adrwinced from the period of using horses to Jet engines 
and ro<^€'C8e nw Tjena nordepoveir xenajux^ wu© c»u^ 

has found no need to change it. Of course, the nethocu. of testing horse- 
power varies. "Fov exaaple, would you test for horsepower of a Jet engine 
the sane -way you would test for horsepower of an electric motor? No sir^ 
you would not: low would you test for horsepower of a man? Mr. Watt 
did this and found an average man to he about one tenth (l/lO) of a 
horsepower. 

oaje electric motor has a wheel on the end. Oie way to test for the 
horsepower Is as Indicated in the drawing. 




Tty .to figure out how you could determine the horsepower of the 
motor in the diagram ahore. The facts to remesiber are: 

1, !Qie effort force is measured in pounds with a spring balance. 

2. The distance traveled will have to he determined from the wheel 
on the motor hy measuring the distance around of the wheel. 

5. TJjse Is 'Uio nusiber of seconds needed for the wheel to nmhe one 
complete revolution. ' 

ht One horsepower equals foot-pounds per second. 

5. Tbs foxvdla for determining horsepower is: 

^ Force times distance 

Eora^r.. Seconds t^s 
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Another nay to determlae the horsepower of an engine is to use a 
"Phony brake." Look at the draving belov and see If you can figure out 
how It works i. 




A 4 et engine is soiaething else. It does not have a wheel that turnip 
but a strong thrust from the rear of the engine. Could you Measure this 
thrust by placing a set of scales similar to the bathrocM scales behind tbs 
jet engine to determine the force? yes sir^ you sure couldi Tbs dlstaaes 
and. time the jet would move -would give you a-U the Infoxaatlon needed to 
dstemlne the horsepower of the jet. 

Some of the ways of determining horsepower are listed above. 00 tbs 
previous pages. If you wl?J. ask your instructor to show you the stssn 
engine^ you may be able to determine* its horsepower. If you haws sn 
electric motor at home or could borrow one^ you, could also ealenlat# its 
horsepower. 

It seems odd that even la our age of atonic areactors and sigMisonie 
jets, the power of a Clydesdale horse is still one of ths n^tt iaportaat 
measurements of science. 
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TJNIT 5 THE FJLLEy 



TEACHER RESOURCE 



The apparatus to be used iu this unit will be found in I-fercourb, 
Brace, and World; ‘‘Giassroom Laboratory 6", Blue Braver. Note that a 
single fixed pulley is to be moanted in the 3.over right corner of the 
hardboard. This pulley will be used for ease of ineasursnieiit. 



The spring 



balance must be supported in an upright position for all measurements . 
Otherwise, the weight of the spring balance will be included in the 
reading. 



The term "single fixed pulley" refers to the case where only one pulley 
rotates about a shaft which is fixed or anchored in place, that is, the 
shaft is not free to move. Using more than one single fixed pulley only 
changes the direction the effort force must be exerted. The term "single 
moveable pulley" refers to the case where the shaft is free to move in 
some direction without reference to rotation. The use of more than one 
single moveable pulley will not be investigated. 

The pulley will be investigated with reference to mechanical advantage. 
The mechanical advantage of a single fixed pulley is 1. There will be no 
gain In force or speed. The product of mechanical advantage and effort 
force will be the weig5:it of the load, or resistance force. One times any 
nunher gives the number. Tlei*efore, in the case of the single fixed pulley, 
the resistance force will equal the effort force. 

The mechanical advantage of the single raov^able pidley is 2. This can 
be determined by the formula 

Resistance force, or load 

M A _ I P. »..i« - - mm mm ■ 

a. Effort force 

OR 

Distance effort force moves 

M. A. Distance resistance (loadj mwes 

Mechanical advantage can also be determined by counting the number of 
supporting ropes. If the effort force is being exerted in the direction 
that the load moves, it should be counted as a supporting rope. If it 
moves in the opposite direction then it should not be counted. Refer to 
the diagram on page 11, 



Topic 1 - The single fixed pulley has a mechanical advantage of 1 and 
changes direction only. The single moveable pulley has a 
mechanical advantage of 2 and does not ciiange direction. 

•The initial discussion of pulleys should, introduce and define the 
pulley. The students probably have seen many pulleys before in the form 
of a block and tackle on boats or as a single pulley on a flag pole. 
Considerable time for assembly of apparatus and completion of the activity 
will be required for the students have not used the appa.ratus before. Use 
your Judgement In determining whether the actual experimentation should 
proceed on the same day as the initial discussion. Use an assembled model 
along with a prepared acetate as a demonstration. . 
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HOW MANY OF YOU HAVE EVER SM HOOFERS SPREADING TAR ON A ROOF? 
(Discussion) HOW DID THEY GET THE TAR FROM THE GROUND TO THE TCP OF THE 
ROOF? (The pulley will proh?.l»iy le mentioned. If not, ssk about getting 
water out of a well, or how a crane operates , ) YOU HAVE SAID THAT A 
PULLEY IS USED IN LIFTING SOIOTKING. LET'S DRAW A PULLEY, Instruct the 
students to draw a simple pu?.ley on a piece of paper. Perbapa some 
student can prepare an acetate for you, or show the acetate or draw a 
picture of a pulley on the overhead projector. Pointing at the wheel on 
the drawing, LET'S CALL THIS A WHEEL. Then pointing at the axle, LET’S 
CALL THIS AN AXLE. SO, A PULLEY IS A WIffiEL imT VTILL TURN ON AN AXLE. 
Discussion. This definition will open many areas of discussion^ accept 
all answers that meet the criteria. A pulley does not have to he a 
laboratory apparatus, but a machine. 

This is a good time to stop if time is r filming short. If time did 
run out, a review of the pulley and its definition using an assembled 
model should be presented before continuing. 

OUR ROOF DOESN'T NEED REPAIRH^G AND WE DON'T HAVE A CRANE TO WORK’ 
WITH, BUT WE DO HAVE SOME SMALL H5LLEYS THAT WE CAN liAKB MODELS WUH TO 
INVESTIGATE AND FIND OUT HOW THEY WORK. SO, LET'S GO TO WORK. 

Pass out the first page of A-lk, 

TEACHER DIRECTION A - 1^' 



TEE SINGLE FIXED PULLEY 



Materials for groups of three: (HBW, Science Kit 6, Blue drawer) 



1 . 1 hardbeard 


7. 2 nuts 


2. 2 slotted hardboard supports 


8. 2 wing "nuts 


5. i plastic tube 


■ 9* 1 lead weight 


2 pulley wheels 


■ 10. 1 cord, 36 inches long 


5. 2 bolts, 1 1/2 inches long 


11. 1 spring balance 


6. 2 brass spacers 





Instruct the students to set up the apparatus as shown in the diagram 
on their activity sheet following the directions below the picture. The 
teacher should circulate among the groups offering assistance where needed 
or requested. The students are not to begin the actual experimentation 
until all have assenibled their apparatus and the procedxire discussed. 

After all have asseuiblcd their apparatus, pass out the second page of 
A-1^. Place a prepared acetate on the projector. 
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Teachejr direction A ~ 3.4 (continued) 



/• 



FIRST ^ LHT’S "ifEIGH THE LEAD VfEKJHT ON THE SPRING BAIANCE AS SHOWN IN 
the: fiesT diagram. HOW TOH DOES IT WEIGH? (Pause) RECOI® THIS WEIGHT 
IN TIDI: 3IAIK BESIDE THE PICTURE. 

NOW, LOOP IPHE STRING OVER THE FJIiLEy AS SHOWN IN TjSE SECOND DIAGRAM 
AND RECORD TEE WEIGHT PROM THE SPRING BALANCE. (Pause). YOU wm HAVE TO 
STAND OP-SIDE-DOWN TO READ THE SCALE. IS IT MORE OR LESS THAN THE WEKTO 

OF TILE LEAD WEIGHT? More. 

You will need to remind the students that they are to take the readings 
vhlli gradually pulling on the string. The movement of the lead weight 
should he a smooth and a constant rate. 

NOW, LOOP THE STRING AROUND THE BOTTOM HJLLEY AS SHOWN IN THE THIRD 
IlIftGltAM. OEADU^TIY IIM THE SPRING BftLAHCE AND READ THE TOItM! TOIUl THE 
IfiM) WEIGHT IS MOVEia DP. (Pause) NOW, GBADOAIiKC LOWER THE SPRING BALANCE 
AW HEAD J?HE WEIGH! WHILE THE LEAD WEtGS! IS MOVING DOWN. (Psuse) WHAT IS 
ails WSIGia;! WHAT DOES THE SCALE READ HALF WAY BBKEEN THE UP AND DOWN 
WEIGHT? (Pause) RECORD TEES WEIGEt IN THE BLANK BffilDE TEE THIRD 
SIAGBAM. Esplaia to the students -chat this prcoedure is necessary to 
eliEinate the error due to friction. Only the average weight is used. 

HOIOTG IHE BALANCE UP-SIHE-DOWH BY THE HOCK, READ THE SCALE: HOW 

MUCH DOES THE SPRING BALANCE WBIffl! (Pause) RECORD THIS WEIGHr BESIDE 
the fourth DIAGRAM. 

Tw students should keep the app^tus in front of them while disclosing 
the results. HOW MUCH DOES THE LKAd’wECGHT WEKHt (Discussion) HOW MDCH 
IS ITS AVERAGE WEIGH! IN THE THIRD CASE AS SHOWN 'IN THE THIRD DIAGRAM? 
(Dlscussiosi) IT 'WE1{?HS ABOUT THE SAME, DOESN'T IT? THE PDLLEY DOESN’T 
ESKP 0S MICH TH31, ACCORDING TO THIS DATA. (Discussion) HOW MDCH DOBS 
IHK L®D WEIGH! WEIGH IN THE .SECOHD CASE WHERE YOU HAD TO READ THE BALANCE 
UI-SIDE-DOWN? (Discussion) , HOW MDCH TOES THE SPRING BALANCE WEIOT? Bhuse. 
Weight recorded In the Last diagraiK. IP YOO SDBTRACT THE WEIGHT OP THE 
SPRING BALANCE FR(M THE WEICfflT YOO SBOOEEED IN THE SBCOTO DIAGRAM WHEN 
lOD I.OOEED THE STRING OVER ONLY ONE POILEI, HCW MDCH DID IT WEIGH? 
(Discussion). HOW DOES THIS COMPARE WITH THE WEIGHT OP THE LEAD WBKfflT? 
(Discussion). HOW DOES THIS, COMPARE WOT THE WBKfflT YOU RECORDED WHEN tOU 
USED BOTE PULLEYS? (Discussion) THE WEIOTS ARE ABODT THE SAME. THE 
DIFFERENCE IS SO SMALL .THAT WE CAN BLA® IT ON FRICTION. (Disousslon). 
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Teacher direction A-lh (cortinued) 

SO WE SSB THAT A FIXED H 3 LLET OIM CHANGES DIRECTION. WE MOST PULL 
ON THE ROPE IN ANOTHER DIRECTION THAN THE RESISIEANCE MOVES. EOW DO WE 
USB THIS TO HELP OS DO WORK? (Discussion). The teacher should 

en5)haslze the point that the single fixed pulley only changes direction 
and does not gain speed or force. 

Instruct the students to disassemble the apparatus and return it to 
its proper place. 



TEACHER DIRECTION A - 15 

MOVABLE PULLEYS 



^felterials for groups of three: 

1. 1 hardboard 

2. 2 slotted hardboard supports 

5 . 1 plastic tube 

k, 1 pulley block 

5. 2 pulley -yheels 

6. 5 bolts, 11/2 Inches' long 

7. 1 hook 



8. 5 brass spacers 

9. 3 nuts 

10. 3 vlng nuts 

11. Ilead veight 

12. 1 cord, h2 inches long 

13. 1 spring balance 



A review of A~l 4 should be presented ijsing an assembled apparatus 
enmhasiziug that the fixed pulley only changes the direction the effort^ 
force must be exerted.. No gain in speed or force is realized. A sp poxn 
out that the distance the resistance force had to movewas equal to the 
distance the effort force moved, therefore, no gain in distance. 



Pass out the first page of A- 15 » 

Instruct the stijdents to set up the apparatus as shown in the dia^am 
on their activity sheet. *j?his is similar to the previous exercise and should 
not take long. A quick toui^ through the room will reveal any diffic^ties. 
After all have assembled their apparatus, pass out page 2 of the activity 
for the actual experimentation. Place the prepared acetate on the projector. 



THE FIRST TWO PARTS OP THIS ACTIVITY WILL BE THE SAME AS THEY WERE IN 
the IAST ACTIVTTY. look at the first DIAGRAM ON YOUR PAPER. WHAT IS THE 
WEIGHT OP THE LEAD WEIGHT? (Pause) IS IT THE SAME AS PJ? WAS THE LAST 
TIME? (A- 1 ^) record trtS WEIGHT IN THE BLANK BESIDE THE DIAGRAM. (Pause) 

Record the weight on the acetate. 

NOW LOCK AT THE SECOND DIAGRAM WHERE THE STRING IS LOOPED AROUND THE 
y pfj m HJLLEYS AOJ the TOP AliD BOOPTOM OP THE HARDBOARD. (indicate on the 
acetate) WHAT IS THE WEIGHT OP THE LEAD WEIGST IN THIS CASE? REMH 4 BER, 
you HAVE TO MOVE THE WEIGHT UP A 3 TO DOWN AND RECORD 0 ?HE READING IN THE MIDDLE 
OP THESE TWO RE!H)IB( 38 ; I^use. IS THE WEIGSH! THE SAME AS IT WftS BEEK)EBt (EaUi 
DlBCUsBicm should reinforce the idea that there is no gain in effort. 



SOiUBSiiT 
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•THti FIXi© PULLET 




Materials for groups of three: 



1. 1 hardhoard 

2. 2 elected hardhoarS. supports 

3. 1 plastic tube 
k, 2 pulley -wheels 

5. -2 holts, 1 1/2 inches long 

6. 2 brass spacers 



7. 2 nuts 

8. .2 wing nuts 

9. 1 lead weight 

10, 1 cord, 36 inches long 

11, 1 spring balance 



Assemble your apparat:is as shor^7n in the diagranis above. The hardboard 
will need to he placed on the of your desk and a couple of hooks placed 
on the supports heUnd the hoard for added support, The nut next to the 
spacer shoald he loose enough so that the pulley whee3. will turn freely hut 
not -wobhle. Follow your instructor’s instractions , "When everyone has 
finished, you will receive another sheet of paper to coinplete the experiment 
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STODFiW.’ 






- '15 






K* 



f^3.terial3 

1 . i 

2 . 2 
3. 1 



lot gr*‘-'i-ps Cl 't.Cii'Bs I 
hardboard 

slot bed Vi&rdboard cupp 



/••v« 

Lv 1 



4^. - 



plae- 



iub? 



li-. 1 pulley block 

’% 2 puJley ’Wheels 

6 . 3 bolts, 1 1/2 tocaes ions 

7 . 1 book 



8. 3 'brasc spacers 

9 . 3 .out.:; 

lb. 3 

XI. 1 lead vrei^t ■ 

12 . 1 cord, h2 ibiche/: lor»e: 

15 . 1 sprir-g balance 



A** 




Ret up your apparatus t.te saEo ee you aid iu the last aotivipy. 
,f.r to the diagrai. atoya. Alter eoa^-t-etlon, lestr-actor will 

the second page of the activity for e:<j,erimentat,ion. 
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Jkferterials for groi^^s of three; 



1 rubber band 
2* 1 spring balaace 

5. 1 piece of vood 



Scientists hare many ideas about friction, and tbelr observations 
have bfctt qjoite different from vlat ioost people es^ected. ffae activity 
fQllpfis vUl stow soaettilng that seems rstber strange at first, but 

^ nxst accept the ejj^riEental data* 



fi 



P 



Attach^'Tone end of tl» rubber band to the nail on the block of vood 
and the other end of the rubber band, to the spring balance as. shown in 
the diagram below. 



M 'tl 



E 3 o 



block is to ba moved, by pulling very slowly on the spring 
untH It starts to move* One student is to piU the spring 
balance: One student is to read the balance* One student Is to record 
tld data. ‘ Record ell observatioiis in the table on the next page. All 
st/Udents must -cooplete the table* 



P 
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m um i 



b2 



m - 

]>■ A- 0'^ 

7i?ACj!El: 

l*f.‘S jJi'SSD.GC O.-*' )Vy i!:C' CC- rV-J’-'J 'iS Z!^’ Cpp 06 <?S 

■‘'Ii*' ol* osL'cJ 0 -C> '■ i. ; uTi-ii -o I" J..'i.c!,:ir:^ c“.'o:'.* r Qi* v.* cu*'- oujecv 

;iK;vln^ t';:<rc''i:Ti< •...' = i;'*- t:iV'C.c'-:5.on C‘= tne syj.*ia';«s 

or '.t/ri'':? " ■■■•’ t-rvi’J'ooc'r . oot,;.*.* Tbti ct ohe. 

vr:‘<r-:i:m fore?; ia opposf^tv t.ae offc?*' fore?. ?ut ■’.f is 5.o. caiiO dxr--'?oaoii 
oi' "bltt'S f Ore’S vl’icii oT->pCt>e*’s ’ti.je* 'ij.'xvi ^ .■.cro-o, ji'-’ACti o.* 

friction is dererident oii vl.c : conditiona : 

1, -rhe :csjiisi;t 5 Ece fores of iTictrlcn is dlr.,>cij.y prcpo?tie.-n£\i to tlxc 

~A 5.'b trice-: Jj i pO'Uru <<7. forcv: to VAJ- L'X‘ICr»^ aX "WOA.i.U 

two -oe-unas of fores to p'tU tv;o oriclcc. 

The foro-?'ot‘ friction :.lep?-todc> on the typos of srrfcces 5riYolY-ed. 
Obliov t-'roiigs b-ei’is egi'nl^ the force of i'ricbioD does rcT- clepena or, 
the s/uoimt of Bv--faoe rre&, trhether e trick on xhc uerw 

sice or fic>t side -clc-es not n-:vfcte.‘: vcclcss v" c.xgr mt-o xne cp.ris.ce* ^ 
f.i-ietion 5s g’-c-a them slidann friction. Bion an OD^loct 
sets, it. 5 -?ttl< 3 S Siid -tly cc'-.fa-ccs c-ome el«%?er together inareacliif^ 
the &x.trectioi;. for escli o'chor C5 •.■?e.li f%s more inter Locking cl 

irroro- ' 

Heat is produc.~r.f L-y f ri-o-;icn. 

Lubricants "r?d.u.ce Jr lor 5 on. and. co iCvSOsn. the effort fox'oe 
rciquire-i GYsroov?e fv'lctlo-n, 

SuDst-- >;i+-ijag rcliing parts l‘o.r’ p?i.cts re{V'?.ncs friction^ 



2. 

‘SC 



•5 



Topio 1 



‘to 



‘RiCnOH fiiCULD Bli 
I friKKo XrTH lOlT. 

V/HA.T 



'J'riS I’crce -0;? .friction h; 6.;. ' tly pi’cpori: iC'iiaX ro the veigit 
and -other bhings bermg -crocl.^ 15- aoi;c not- depend on ar-ec.. 

UoGt cc'* th.a b’tudentG v‘.>.:a tax?-; -jr. ;sidcr5tar.dir;g of friloti-on. f:;e 
teacher caii -capitalize, on tl-lr fc-ctor in the ils-cncGions. !Tb.e uerms 
BiOYeimeax, and laotion s.hould be used 'j.);itex‘CiUingeab3,y r;y xfcc 
introdu:.'*:* the tev/ii jiiotion. 

J3J 01 TIF5 iK-T'IVirm? YOu .li-AVil pAIB 5;-s 1T 
CCKCIDBKSD .SfuC.::- IT OLUSSID AM BRB.OK, 

Id?IhS COJvSIDER i-TriCTIO;'; J^y> "5lilkCLX TlTi TO FIlS- OITI' H-pV) IT ¥0HKS. 

IS FHIC-:?10i*5? (rkt-cuc-sion'; 

Tjjjs t.^e ox*-2.rV'S'a'.'<. pro^c-etD:' ;-L’.*.-i v/i.x-c o ft the /.-n'evsC-ro on tne s-ceta^t. 
Appx’bach mccion -ss ??' rerV-- force that oppo^wx* the effort force, 
the 'siudsn'bs if ficiclJ-or. .h\c?.*cas?-s r.e- fc-.r-ce oi' xncrea-rfes the ^ 

rr’C-lstaitoe .fores each time, troy no :.-r;ccrer uc- the quention, x-rbst xs 

fr> ation? 

LBTkR' ISFB-51T: AS A FCsOk 'l-l-Lil CIx’OBlS >iOVSiiIfiiP TiilS IB bILVi' 

VIS HA\?S PJTVxf-.Y SAIHiG, I.cii'O; 11? flii-icus'kjon) LffT'S COWSXDBR TfiS ARIA 



SIIF iKiJiD TJS3 MOST lIclOTIO'M, 

'■'7 ( Hsc ■> VIock of vond. bo deiaonctra/te , ) HO 

■ ;v;? Lil'TA VpXl£> i.tY BJJlYiS/OB? (XUncucyicii t 



OF AY OBJECT IIOCE A Pr/CE OF bOa? 

‘BS ¥IDE SIDE OP nn? PAVIP-' ' :' -C.F.' '"y 
COITLD YOU TEST AH' 'FtlP OUT > 
plan A - 17} 

Bo r.v;u to3,l the ,7tiici.e:il-G tUe 
sxir^port the Ideo hhat fricti-.n opp':::.es ’he e5;'fort 

Fa5« shos'b .t ■*• .IT« 



(inK how ano why frec’iy. Also 
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mCBER l)IRBCrCZOH 



A - 17 

SCKPACE ATim AND FHIOTIOIT 



I9ach group is to pilX ® “block of vcod along a flat surface T>y aeana 
of a spring Ijslance comected. to the “block vith a ruh“ber “banl. The tescbsr 
should deaonstrate the^rocedure and stress the Importance of exerting ohe 
force slowly and steadjlly to obtain accurate results. The force req.uiped 
to ixzltiate Move me nt will l>e greater than the force needed to ifi&intain a 
constant speed. 



Students art zo 
student will record 




:e turns as an observer to read the “balance, 
ohservers* findings. 



Bach 



After the etuiteBtii ««a?l«te the activity, to a 

to Interpret the aata. Oslng a prepared acetate, aiacwe ^ ^ 

iMPortant point to strass is that surface area ie not irportan-, rather 
soMsthing flse. Do not tell the students itot the signlficswi factors are 
-fc^ecai^se th^ will dlscfever then la the next actiTity, 

4 ' • . 

' jg fflE SEIC^ OF THE BMOC <» SOOOJ AXl Mocka shOHld weigh 

approrimately the saoei. Write the wei^t 3«®ested hy the atudeo'to ra&r 
both dnawioga of the 'Djlook. EEC'S CCH3IB31 BWQC WBHf XI WAS 

cB ns 3RQAD snffi. waffl was ihb wbce Kswina) to eeabe the beocik jEwnst 

(fceora the answer* od the acetate. ) WSAI ifc ■EHB POBCB EBQOIEED TO MAamn 
A 3HSADX SEES)? 

the BliOGIC liHEM IT XSl jllM B!S MSSCN SXDBl NDAT 
STM® OT BLOCK MOTOPlt ^resa the relation of 
le two drawings on the acetate and record the finding 
•will he necessajy'* “WHAT IS THE BOBCB EBQ0IHSD TO 
Hivrmxs A CCSH3TAHT SIEEDT Stress the re^tionshlp of the forces and the 
surface area.* mT DC RE50LTS SBCW? The force of friction does not 

depend on the surfsce area. The sterting friction is. greater than sliding 

frictlcm,' 

IP TD0*I11CB£ASBD 5HE “SBK3ST OP THE OBJECT TO BE ^VSD, WJOIiD THE FHECTIOB 
IHCHEASEf Tes, (Discission) A factor that must he considered in testing Is 
to maintain the same surfaces and vary the wcij^- Develop the proce^durc- for 

A*IB in this di8cu68i4)3'« . • 



BOW, IBI‘S COBS 
IS TEE JfDBCB RBQDIRED 
surface area between 
as before. Some act 




TEACHES DIBBCTIOB 
Ifcterials for groups 






. A 18 

WEIffllT AM) mCTIOW 
f tJiree; 



1. 1 irubber bandl 

2. 1 spring balaxice 
3* 2woodblocte| , 









A - 17 



6k 



SORFACi: AREA Al^fD OTXJKCW 



Materials for groi^ps of tlxree; 

■ 1 rub'ber band 

2, 1 spring >alaace • . 

3.. 1 piece ^ wood 

Scientists bare waay ideas about friction, and. tbelr observations 
have bsen q]^te different from wfcat most people es^pected. The activity 
■Uiat fplicniB will show sometbing that seems istber strange at first, bat 
^ oust accept tbe ejqperinental data, 

Attac|i^':one end of tl» rubber band to the nail on. the block of wood 
and the other end of the rtibber bend to the spring balance as. shown In 
the d.iagram below. 




; The block is to be moved by pulling very slowly on the ^rlng 
until it starts to move. One student la to pi^ the spring 
balance; Ctoe student is to read the balance, Ctoe student is to record 
t]^ data. ' Record ell observations in the table on the next page. All 

students must conplete the table. 






IHMMM 



j i y i 't nurfl 
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ttiruojisrr 

2 



A - 17 



Bata on. i^lct ion . 




It DBS lielievea ft® a H*g tine ttet the force of frlctlim 
aepenaed on the surface area. Do year results si«port ttiis statenent 

tliat the surface area Is Imgportant? 



O 

■ir 



O 

ERIC 
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!i?aftCher directloii A - l8 (continued) 

Tha procedux^ for A-l8 :lc identical to the procedure used in A-17* 

The only changes are variations in weight. let the students pursue the 
activity without detailed explanations. Eticoarage the students to read 
the directions very closely. 

After the coa^letlon of the activity, discuss the results. Use the 
sane prepared acetate as used in A-17* Ihrav a second block over the single 
blodk drawn on tl^ acetate in a different color, then record the data 
obtained on the acetate. Solicit; results from the class following the 
sasoe procedure used in A*17» Stress that weight is a factor in friction, not 
surface area. 



The students are to make drawings. Stress thought rather, than artistic 
ability. The teacher should assure student understanding before the studentF 
begin drawing. Assure this understanding in snail grocp discussion, not 
class discussion. Coaplinent the students whenever possible. It is suggests 
the prepared acetate used in A-*I7 be placed on the overhead projector to be 
.used as reference if needed. 

■ After the students ccaplctc the drawings, Izistruct then to disassesible 
their apparatus return for a class discussion. If some of the studexxts 
show an interest in drawing, have then prepare an acetate to devonstrate 
before the class. 

The discussion to this j^int has only considered tbs friction involved 
in hard flat surfaces. It should be recalled at this point that weight is 
significant, but surface area is not an Inpoxtant factor when hard flat 
surfhees are used. 



Tcjple ‘2 - dSie force of friction depends on the type of surface ^voXved. 

The following activities are to investigate forces of friction on 
surfaces that aze not smooth. The students will xncbably already know the 
factoan involved '.dten surfaces are iv>t smooth or hard, but they can make 
a quantitative imrestii^tlon. fiuccurage individual investigations and ^ 
permit all reasonable reqjciests to ixnrestlgete suggested possibilities. 



WE BATE SHOim THAT TEE SURFACE ABBA IS EOT IMGEX3EQ!A!!IT RHES OBJECTS WZ3S 
BIHD KAT SUBTACES ARE MDm> 0V£» GTHER SIHD HAT SUBPACES. THE IMPOBTAnT 
EACTOR is TEE WEXOBT. LET^S EOT CONSIDER A CONDITIQE WSES TEE SUHPACE ^ 
EOT HAB!D OB 3S00TH. HAGE ONE BABD ON TOP OF THE OTHER HAND SO THAT TEE 
PAZM3 ABB TOGETHER. (Pemonstrate) HOE, WITHOCT EXEBTIEG IBESSUBE, START 
TOOK HAEDS BACSC AND FORCH OVER EACH OTpR. EOif, OBIUBl^T EXERT 
NBBE PRESSUBI UBTIL WO GAEHOT }ICVE YOUR HAEDS AT ALL. WHAT IS THE 
BIPOIHTAET FACTOR, WEKSST OH SUHPACE AREA? (Both are important. ) Accept 
all answers and list the rooarks on the overhead projector. Since the 
surfhee area remained the same, weight again is a significant factor. 




6*r 

Teacher Direction A - iB (ccntinuea) 

NOW^ XKTE.HIOCK YOUR CTG>-IRr> WHILF. liCC-DB'iO YOUT^. IIAIDS STRAIGHT • 

HOIJ) -fO-JR HANDS CHEJ EXGn ISn' HOT. 51TTH APi^. <’« ’fOO FOIi TO® 
raciiss APABS E’ YOU Eiim' Ati ‘Sir PRiiSSUR:.-. YOU CAIfi MOV! IrESRi-aA I'Ol-R 
JB4GEPS KB.'H YCUl? NlICCSIDOii’S FlK'aSiS AND SEE ONE Ot lOU uAN i-RfvE'f* 

THR OTHER ]?K)K PUIiHiC EES EAi© AWAY, testruet the students to reicaan m 
thoir seats. Otherwise it nay becocie aimenagcahle. SeXSR5I35S &M, A 
VEIGHl' SOHCIS TWO OBJECTS CLOSE!! TXaTHHL Ai© RJSSUETS. 

THEREV-OEE, tbs ERICa'XOK INCHSASS'S. BO YOU ACIREE WTTH THIS STAOTMSNT^ 
(mscassion) Accept aii asswers. totdoaats vill pa-ohabXy he »ntlonei, 
tut a 3 .uhric&nt prevents otjects froa coiains in contact with each other. 
The degree of attrs'rtion of tlie surface? unfer consideration Is another 
is^Kortant factor tha-o w arise. An cjtjgjie of attraction is glue; it itay 

st^'Ch on some objects and not stxch on ouhei‘>.»* 

I®-S INVESTIGATE SEUSAI. DI?FEK®T KI8DS OF S1B3TAHCE23 TO BETEiS-ilNS 

THE F(»CE OF FRICTIOH AND THEN COWARE THE RHBUTffiS, 

Pass out sheet A *• 19* 



TEACHER DIBECTIOI ** 

i]|Tpii; ]?QPCS Oj? 57?I3C1'XCH DEPSHDS OK x*HE TYPE OP SURPAw^.- 

Materials for groups of three: (SBW - Science 



1 , ^ring balance 

2. Blue friction board 
5 , Yellow friction board 



5 . 

6 . 



Truck 

Bibber band 
Lead Y^eigbt 



The students are to proceed on their an. ^tract theiu to follow 
the directions and record all results in the tebj.es. 

answering the gtestlons at md tSlf ^t he'^lc-ted 

auestiocs concezuiing the activity, eiqpxain tn- u^cxe ^ 

first ha order to ohteln the to 

discussion of the tahxe stress the poini; the lorre fi-ictton 

^lto« f-iction are less than to sliding friction. When slto^xxiotxra 

the rough surfaces. 

After coBTletlng the tables, disexiss the guestlons using toe 
s-r«wlT>2s on an acetate to illustrate answers. Ask the students to 
iSmiSe Btatenents to he used to writing an outline of the conclusions 
on this acetate along with the ciravings. 






GTUDm’ 

vrsiviir.' im nao^pioni 

Fater5x\ls i'or grouj.-^ o-r oL**ee: 



1 

O 



X ru'bXor Xaiid 
X a^pring Xalar.ce 



2 pieces oi‘ wood 




Hov does weiglit effect friction on a hard flat surface’ if by 
increasing tlie veiglit;. tlie force of friction cisatiges^ t;*en you couxd prove 
that vei^t is an iiiroortant factor effecting fncuicnc 

The procedure for this activity is the saine as A ~ 17* Hemea&er you 
are to ■worh as a gro'tqo* One student is to puli the spring balance. One 
student is to read the balance. One student is to record the data, 
CoiiK>lete the table below. 



Observer 

Humber 


Position 

of 

Block 


mmiber 

of 

Bi-oeks . 


Pbree required 

to start the 
block Bicrrhig 


Force required 
to maintain a 
eenstant speed 


1 


Wide side 


1 




* 


Wide side 


2 






2 


Narrow side 


1 






Narrow side 


2 






5 


Wide side 


2 






Narrow side 


2 







Make a drawing of the apparatus and label the parts. Vlrite on the 
drawings the effort force observed above the spring balance. This will 
require four drawings. Your drawings should sha?^ a point, so first determine 
what you are shcnrlng;, then arrange your drawings to best show your point. 







mfm im 



j 
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Teacher direction A - ( contii-nedy 

- ^f. -»-c o<- okctdiC;d at the i^iost opportune 

Below arc- exampiea oi -c uc. 

bln«J t 






-t 





_ • , • viri-^-TTOtar* d.o^s noir» 

nade fe potat the a..e of larec .A.els 

depend on the surface are.., v on j-oad buiXding naoninery. 

or a caterpillar trea.d on *^1 wold he the cr>se if the 

These tractors pull harder on loo “j; '“- loos. If g^uestions arise 

a,^fece area between the whee^ ^d the point in 

that can he dononstrated, axloi the s.,..acno 

question. 

.. „ -i-Q-ir •<*‘he “Would you 'bslIoYo” gawe. 

Alter coTirplethig the quest P~ . 

-vn™ A imrar (X AS A™Ci«BIlE HAS BOTH MIiaG FRXCTIOK 
WOUH) YO.T BELIEVE, A SKBEh Oh AS n . . boa^-OaRs 

nr T+ i-,r,c >-iii '■> -iTiF •PricGioD. 131 ohe DaxX Dear-ngs> 

ASD Siroa'G EBICTIOS? Yes. It has .o. -Jig -i- H.e 

as well ns rolilng on the hi^ay. Sliding friction is wnet m.res - 

^ - ST ' 

.Mimi «01.5 ; 

.luW M«i™ w wi"i~w 

"” ^?;<» m»T5, m, on. « a Mimn 

PHOVIDES SE» SOBEACBg- A® THAT T® !™ SOHEACES HA® LESS FSBSxOS ^ 

OS 11. SOOEAKY BOOBY Yes. The 
less attraction. lOhc lubrication could Is en o" o.w gia.. 

the sane purpose. 

- Heat is produced hy friction. Lubricants .reduce friction, 
heat, and the effort force. 

u V. ^4- r.Qn -hpifit hp- f’3Cplained teclmically hy 
'The relation of Sstra'ction of atoins and molecules prev^ts 

the roolecular theory, hut t...e a . m.Q initial approach to this 

the introduction of jnolec^ar heat, ‘lo measure heat due 

topic is to Therefore, the activities 

to friction alone *-* if 

must he limited. 




ERIC 

SMMfiiifftaiTiaaa 



■:^^1 



BmamBesss 



— A.,. — 
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STUPOT 



A - 19 



type op surface and friction 



k» 'rruck 

5. RabT:>er Taand 

6. li- ounce veigRt 



Materials for groups of three: 

X. spring 'balance 

2. Blue friction 'board 

3. Yellow friction hoard 

..»e «... «» 

^ • factor when trying to move objects from one piece to 

« very ln®ortaw factor ^nv different ways. Some of the 

.nothe^. Scientists classify friction an many dr 

' sliding friction where one ohject is 

^vtant vl^ere wheels or something 

pulled .over ° ^ object seems to stick, 

round is used, and stick P _i«q of all three 

voa win esar®les of an 

then Jerk forward. In this activity, yo 
ogg xf you can classify tbcjn* 

of these. See 11 y^^* in A - iS. 

4. activity IS same as used 

The procedure for student is to record 

the data. One student is to be 

acc'orately. 

Hecord aU data in the tables. 






7i 






D 



ST0D12KT 
Page 2 



A - 19 



If the ■b’.lancc vill net yneriism-e tb’ force, 'write "cannoi toll . 
Testing is to he porrorinod on a r-able cop that is swooth* 




ITrictlon in Loose Sand 



0 



o 

ERIC 



XUO oxxig 

Object 


j «U*9 UV/ UV* 

Position 


Force required 
to maintain a 
constant speed 


Type of friction 


Truck 


Rollir-'^-; 




• 


Side 


« 


* 


Rolling + 
weight 






Yellow 


Sjnooth side 
down 






friction 

hoard 


Rough side 
down 






Rough side of 
yellow hoard 

om the 

rough side of 
blue hoard 
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STUDENT 
Page 5 



A - 19 



By 



’jsiDg your r^iuults ausver the follovlne questions. 

-(-rta+ tn sliding friction, in rolling friction, 
2, When is friction the greatest, in sliding ir* 

or in stich-sllp friction? How do you know? 



VKen the ro-cgh surface of the yeUow friction hoard is placed on 
the rough surface of the blue friction board, the resistance force of 
friction vas very hi^- High resistance force of friction is due to 

two things: the surface of the rubber foan>, and the attraction of the 

foan to stick together. Ust three er^les where rather or simlar 
.^tcnal can he used to advantage. (M exa^le would he a rubber shoe 

sole replacing leather to prevent slipping.) 

1 . 



2 . 



5 . 



sand is generally little pettlcs that are very bard, ^en you 

,un sonethlng very flat over the sa:., it elides very easily. sand 

V .ither n lia.^g friction or rolling friction. IS^laln 
la this case would be either sliamg in 

hOT it could be both sming friction and roUlng friction. 

1 . 



mmmmmrn 



•Jk 



STODEEIT 



A - 20 

EENS AID FRICTION 



Have you ever voteliecl a poor driver try to start very fast or 
"spin-off" in sand? VIhat happens? Well, a vhole lot happens, hut one 
thing that does ast happen is that the autoaxibile does not go any>*ere hut 
down-down In the sand, 5Sie unhappy driver then gets out of the car for 
a BOientific investigation to correct his errors. If we were this unhappy 
driver what could we find out? Let's try to Uiiaglne the conditicmB and 

analyze the data that can he obtained. 

■Phe first and-Most obvious thing is that the rear sdieels were spinning. 

The friction between the tires and the sand was not great enough to move 
the oar forward. One e^lanatlon could he that the sand grains are round 
and therefore have ro3.11ng friction lihe the tfteels. If we recall our 
erperlnents, we would remember that the more weight you halve, the greater 
the friction. Conclusion number one would he. If the car is to get out 
it needs more weight over the driving wheels. But hy this time the tires 

are deeper in the sand. 

The next thing to notice would he the tires. Would the treads have 
enou^ traction? Do rough treads have more traction than snoo-ch treads? 

The treads cannot he altered, hut what about the surface area? Wbuld it 
increase the friction if ve let some air out of the tires? It would give a 
broader surfece and the tires would not sink into the sand as fast as when 
it is full of air. Conclusion number two would he, let some air out, hut 

not enough ho give you a flat tire. 

The tires hove also dug a hole into the sand. The hole is the same 

as an inclined plane and it takes more effort force to diab an InoUned 
plane than to move along a level surface. So, the third conclusion is, 

dig some sand out from in front of the tires. 

The tires were smoking when you first got out of the oar and you feel 
of one of them to see if it is hot. It is hoti Why did the tire get hot? 

It must he due to the fi-iotlon of the tires spinning in the sand. 

Obviously you should wait until the tires cool. As you sit down to vaxt 
you begin to think about friction and heat. It's not really unusual that 
the tires got hot. If you rah anything together it becomes hotter. Even 
hy just rubbing your hands together they get hotter. If you rub a match 
against a piece of sandpaper it gets hot enough to bum. If you rub a piece 
of ice it melts faster.’ It seems heat is the result of friction. 
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ferhl^s If MeliM •WJtoft'i, l»at will oe redua»a. tadi«li|r 'J«i« 

ItLen «f ftolMt ant «Tictl»» «R tH their mn*tiiiia*» 
fftn fl*Pt real ant a rt ifie iBiiftlp «•» ii»« ^ ^ 

ly an AMilWI^ B»rnjnni<(t f!ionfnnt» •* noticed that ft h^to rere heflK tfiMtf 
into hrass to m$» mnotm, tMH tfct iietai MMMI •• ^^9 ^ • peif« tou^f»d 
i1i» n Dig Mi«tfr wnM i«iTai» Wit ohservntioft MdmWBxq invnsUiltllMl. 
£Sc±aMits iMfMi ^veJapiif luhrlcnaln mwfi «• Idi, fpeaf^ Ip^phltep 
aiiA «a»r ttiecv* fhef IttltJiiWt t!tet « 
th«| tard "hall shapnT hOi iMiWn 

of* friction. So the lidD. tearing was dMPl34lpll Mft otl «• as n 

l^ilbricant. hnhrlcated InXl hearings were m IMIt l«MMIn» • !• 

said the wheels ©f indisitxy turn on iMiitiig** 

Scientist* contlwicd t© H»tBtl«*fce MHtlgMfil Mlt findl^P 

notnnnsua* The M»icati« «oes one 

object and. therefore given nnather* nvChcn Hff fatf Itictiop.. tfttintoitt 
do net hax-e to be e Hqui4, but « be n jiiltlc ot mm « gii. Aist the 
addition of a new sarfbce tl«t ben IMS IHoU** i» « liArican-W 

IfUilens of floUnw tarn been agpent cn lahidcatSon. however, 

is not the only mmoii lii^rtoaKbi w?e nneeu »riai«te also prevsat objects 
from wenriiB^ nut no flmt» iBiat actanUy ttMr place U tJwt the surface of 
tbi 4 bjnct U ooateft Ml foennH tnach «ii|ra4ns but tfee iniricant* ftlction 
in needed namtliMw lUm on the bealwe of a ear* it ©wOd be • sat dear if 
soeeone oiled the hi-ateet an « our, ^ ffeat happens to your brabM when thay get 
wett It woiaXd bn anotlwr end dsf if nomeone pramd oH cil the hi^way. miat 
do you think would 1 h OT * o if' aoaeone put greaf a nil over a railroad track? 

It eeewn we lafirt foiigotteii about the stvA car, so let’s dig out itt fpon' 
of tlie tU^s and ntnast off ▼ery slowly* It nay woit, and the car can travel 

to wherever the driver wishes to go* 

Snt one inestiM vmmmre^ bhy d» >oye lubricate their hair? 

Scae even use that ‘’granny kid ntufT. 
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STUUBST A - 21 

jMMRLY FBT.CTIOM1ESS 

Materials for groups of tbree: 

1, Dry ice (frozen carbon dioxide) 

Everything that moves has some opposing friction. Just aiovemeat in the 
air provides an opposing force against morvement, or friction. In this 
ej^erljiient you are to use dry Ice. Sliis substance Is a solia that doesn't 
mdt, it Just e/aporates. The gas that is given off proyides a Itibrleant, 
or in other vords, the block of ice produces a gas that floats the solid 

above the table. 

IJOTE; DRY ICE TOX HANDLE THE ICE 1GT>I TONGS OMLT. 

Your instruci;or will show you where to test the ice for friction. 
Ebllow his directions for safety. 

1. Place the ice in the location assigned. Bien barely touch the 
block of ice with your tongs to see if it will move easily. 

2. Blow on the ice and see if you can move it by blowing on it. 

Answer the following questions: (Use the bach of the sheet if needed) 

1. Is the block of dry ice nearly fri-^ticnless? How do yox 

know? 



2. >Jbat Is the lubricant? tell? 

* 

5, Would a block of regular ice work the same W », 

Why or why not? 

« 

k. If ice Belts to -water, would the water act as a lubricant or as a glue? 

How could you test it? 

t ■ W I I I ■ ' ' * * ** 

Wby is it so easy to skate on ice ? 



o 



6. Wiat happens when you tmxoh an ice tray from the freezer with wet hands? 
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■mCSER IliSSOURCi: 

Heat a term reiatiiif: to energy/, HSie direction of flow of heat 
energy ii? deteriniiici by tea^erattn.‘e# Xt sbouid be noted that teE^^eiSvure 
is not a laeasm.'e of hea-t^ but a measure of hotness and coXdness. The heat 
vill flov from the hot area to the cold ^^iraa- The teagjerature is a gnali'ttt- 
tive measurement indicating the direction of the flow of heat, Xt is 
coimrionXy meesured in degrees on. the Fsl'irenheit and. Centigrade Scales, 
Technically, tew^erature can be dsfinecl as the stats of a body which 
determines the transfer of heat to or from other bodies. Heat 
flows from a body AT A HXGSSR TO A BODY AT A lAOTJ^PEPATOHE. 

Whenever heat enertrv flot.'S f*om a hotter body into a cooler body, the hotter 
body becomes coole? and the cooler body bacomee hotter. The heat 
■^s therefore &xi energy loss or gain, in uhe internal energies ox vhe bodies. 

Heat refers to the quantity of en^gy present while temperatui'e refers to 
the degree of hotness or coldness. Heat energy is measured, in £,T«U* s 
(British Therml Tftiits) or In calories. One B,T.U. is the amount of 
required to raise the tespei-ature o.f one poar.d of water one degree Jhhrenheit.. 
One calorie is the amount of heat required to raise the tengperature of one 
gram of weter one degree Centigrade. A KHocalorie (large calorie, food 
calorie, writtsai with a capital *C*) is tne amount of heav required ^ ra^e 
the tesroerature of one hilcgram (lOQO grams} of water one degree Gejii^igrB'-.*', 
The x'elationship of heat and teim^ersture must be rad.e clear to prevent 

confusion,* 

^ ♦ 

Heat is representative of energy, I'eiiroeratAare is a qualinative 
measuretaent of this energy. The fo32.owing statements can be mde concerning 
heat and temperature : 

1, Feat is energy and therefore can perfozm wows:. 

p„ yemperature ca n be meas^jired. by the various sca3.es using ./he prii-cxoa^.-; 
of e:^nsion and contraeblon of the medium being considered. 

3 . Heat will incjve from the higher tenperature to the lo^r^r teagperatrsre. 

4. !:iie rate# of chemical zreaciions are inf luenced by tenperature. 

5 , Evaporation is a process of neat exchange and thei'efore can produce 
cooling due to the release of heat energy from the internal system 

undergoing evaporation, . . 

6, S:ie rate of cooling is not a str^^iight line re3.atXo3aship but a cu^eo. 
line. A graph will readily prove this relationship when tenperalure 
is pi.otted in relation to time, 

7 , Pilfering materials exhibit differing insulauion qi^ilitios, 

8 . Kindling temperatinre is the tejapei-ature at which a substance wil3. 
take fire and continue to biurn, Thijs t&s 5 >erat^ is critical. Belcnr: 
this tejig^erature no flame will occur. Above this tengperatiire or at 
this ten^>eratm*e flames will occutv 

The activities in this unit are ' o develop an appreciation of the energy 
relationships of heat. Heat Is a vital factor in evciydry life. ^ It Is one 
of bhe most i^iraoitant factors in c\xr physical and biological environment. The 
orientatioxi of the entire luiit v?il3. reflect these relatj-onships. 



*A good reference is DiuJ., Metcalfe, and Willi.^u»i<^ , B/yslcs , 

IToitc Binoiiarfc, uil Wizisttm, i 960 , pp 217-229* 



New York; 
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Topic 1 - Heat ie energy and can perform vorls. 

!Hie introduction of the heat relations should follow smoothly and 
without a recognizable break following friction. The last two activities 
(A-20, A-21) stressed the relationship of heat, friction, and the use of a 
gas to reduce friction. The gas, however, was from a very cold piece of 
Ccy ice. The heat relation is the inportant factor that will provide 
the basis of approach, 

13ie steam engine may be used in this section at any opportune time, if 
interest is high enough. You may wish to probe de^er into the actions of 
the engine^ but little reference will be made to the steam engine In this 
naterial. You may wish to prepare a prepared acetate, 

IISBIliSTRY HAS SKBOT MEuLIOHS OF DOIIARS TO KBDUCE FBICTIQH, IT HAS ALSO 
SPE^IT MUITOHS OF OOLIARS TO FED) BEPTER WAYS TO USE THE BKERGY OP HEAT, 

LET’S SEE HOW MAHY AEPLICATIOKS OF HEAT ESERGY WE CAN LEST, Wril - all 
suggestions on an acetate, 

Ijaterject the term energy at every opportunity and coarollment the use 
of it, but do not require its use. If tenqperatiu:^ is used in student 
discussion, eiq>latn it as an indication of hotness and coldness, but do not 
discuss the relationship of tenpeirature and heat at this point, Utee only 
casual remarks that will interject validity %dien needed. Along with every 
suggesti<ai» stress movement of the heat energy from one location to another. 

An example* would be. If someone nafmes a stove, remark the heat energy travels 
into the food being cooked, or ask the students idiere the heat is moving, 

WE COJLD GO ON AND (EE AND ON WTJH THIS UST BECAUSE WE USE BEAT SO MUCH. 
LET’S TAKE A L0(3K AT WHAT WE AIBSIADY KNOW. TBE ETRST THING WE SEE IS THAT 
HEAT MOVES FROM ONE PLACE TO ANOTHER, REGARDLESS OP WHAT CAUSES THE HEAT, 

IT MOVES, SO LET’S LOCK AT S(»5EEHING THAT REALLY HAS A LONG EtSTORY OP 
IMPOREANCE TO SCiaJCE. (Pick up a drill and bit . ) WHAT IS TEES? Discussion 
if needed, but all the students should be very fam iliar with the drill. DO 
YOU BELIEVE THIS WILL PRODUCE HEAT? Accept all answers but do not e^^lain 
what you are going to do. Ask one student to volunteer to assist you. Then 
drill a small hols in a block of hard wood. Ask the student to touch the 
bit carefully so he can feel the heat transfer, WHAT HAPPENED? Discussion. 
WHERE DID THE HEAT COME PROM? (Friction) WHERE DID THE HEAT ENSRCaC TRA^ 
TO? (The air and the boy’s hand) IT SEEMS THAT WE CAN REMOVE THE HEAT. 

CAN YOU OHINK OP ANY WAY WE COOTJ) KEEP THE BIT COLD? The answer you are 
seeking is to obtain something that will absorb the heat. If you do not 
get the answer you want, then suggest that water might be used to remove 
the heat. Ask for a volunterj to fill a beaker with water and pour it on 
the bit slowly to prevent splashing. After drilling, immediately tell the 
student pouring the water to touch the bit. It will be cool. 
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Topic 1 ( continued) 

WHAT HAFPEHED TO THE HEAT ENERGY? (Absorbed by the vater)* HOW DOES 
imXJSTBfY liSE THE SAME PRIliCIPLE? ( Usefcoil ) This sajno demonstration can 
be extended to morement of heat in the metal being drilled* The main 
point to develop is that heat travels from the hottest area to the coldest. 
WE MENTIONED EAULIER THAT THIS EXPSRIMSKC! HAD EIST051ICAL IMPORTANCE^ £0 
LET*S READ ABOUT ONE OF THE SCIEKEXPIC GIANTS OF HEAT EXPERIMENTATION. 

Pass out sheet A - 22. 

TEACHER DIRBCTICN A - 22 






The reading activity is to reinforce the concept that heat is energy. 
Alter the students conplerte the reading^ read the actlvitqr aloud vltb then 
vhlle soliciting questions. The eagperhnent hy Count Rumford uill need more 
explanation* The discussion of the ejqperiment can develop the liiportance of 
conparison and that this is a valid means of eagperiaentation recognized by 
scientists* Also jnahe the point that science is continually changing due to 
questioning and experimentation* 

Several uords vilU. need to be defined before the students begin reading* 
They are internal coaibustion engine, liquid, canminicatlon, associated 'with, 
influential, espionage, disported, and distinct. 

The reading may stimulate interest tc the point that outside receding 
and reports can be intiroduced. In this <5onnectiou, students nd^t read 
about Robert Fulton, a colorful scientist, and others such as dames P* Joule, 
James Watt, Thomas Hcwoometi, and Dr. Rudolph Diesel. 

The \iOrk that heat can perform is the most applicable coamunity-jelated 
aspect. The follovring activities vlll lovestlgete several of the applications 
of heat energy. 

TEACHER DIRECTION A - 25 

HERO’S ENGINE 

Materials for groiqps of three: (B.B.W. Science Kit 6, Investigation 25) 

1. Metal can (Hero’s engine} 4. Alcohol burner 

2. Can holder 5. Hing stand 

3. Cord, 24 inches long (nylon) 

• Ask students to bring sinaJJ. cans to medee their own Hero’s engine. The 
holes in the must be very small* Use a non-twisted thread such as nylon. 
Remove any coaSbustible material from the cans by washing with soapy water. 

MANY CHITURIES AGO A GREEK IN ALEXANDRIA, EGYPT MADE A SIMPLE STEAM 

ENGINE USING HEAT ENERGY. LET’S TAKE A LOCK AT ONE. THIS SHOULD SHOW HEAT 

WILL DO WORK. 

Pass out sheet A - 25« • 
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A - 22 
mi* EL’^SRGY 



Bcinjaiuiii Thonpson vas 'born on a skuII farm In MassaoJiusette in 1^53* 

Ke was a briglit young man that moved from his farming community Into the 
city where he hecame associated with influential people* When the 
Revolutionary War 'broke out in 1775 Mr* Thou5>son became a British spy, was 
caught by the Americans, and deported to Sigland. The En^ish govemiaent 
awarded an important govemaental post as head of the Bavarian War 
Department due to his espionage activities and his keen interest in science. 

The British govemment also gave Beiijamin Inonpson a noble title. Count 
Rumford. The Count was most Interested in heat and read widely on the 
subject. Thiou^ experimentation he de-/eloped new theories and several 
inventions S'lcli as the drip cof I’ec pot and the pressure cooker »diich are 
still used today. 

Perhaps greatest- contribution was his theory related to heat* Ctie 
day in Munich, Geiroanj' he was supervising the building of cannons. The 
cannons were made of long brass tubes that were bored out by long drill 
bits turned by horses, for then electrical power was not known. As the bit 
turned In the brass rod, it became hot enough to bum the men If accidentally 
touched. Count Rumford suspected the heat was due to friction, but the 
scientists during this time believed heat was a liquid called “caloric" 
that the tumliig made the caloric run cut. Therefore the heat was hot 
due to the caloric liquid. This seems foolish to us nwr, but it was a real 
problem in Count Rumford ’s tiine. You know they even believed when you 'build 
a fire you were being sprayed with this caloric liquid and this was what 
warmed ’/ou. The Count, a distinguished scientist, decided to test this 
theory. His e3q?erimeut was very easy, but very Inportant. Ee believed 
two things. First, if a liquid carried the heat, then it must have weight. 
Secondly, if caloric was once removed from the brass, it could not be heated 
up again because caloric was no‘ longer present. Count Rumford wrote,* 

“It appears to me extremely difficult, if not inpossible, to form any'distinct 
Idea of anything capable of being excited or coiuscunicated, in the manner 
heat was coimnunicated in these experiments, except it be motion.” He based 
this statement on his ejgperhnent in which he used brass turnings that had been 
bored, cooled, then reheated, and placed ia water. 'Then he took the temperatur 
of the water. 

*Co]^nt m James « Harv^d Case Histories . Harvard University Press 5 
. Cambridge Mass. 1957,1 P lS37 
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Page 2 



A - 22 



1 pound 



100 “ 

- hot brass turnings 
(without caloric) 



\SLJ cold water 




30 * 

S wam brass 
warn water 



The brass blo<^ welched the sane as the turnings. Both were heated 
to the sane temperature. The change In teiperature of the water was the 
same in both cases. Therefore, the same anoont of heat was transferred fron 
the turnings as from the block. The caloric theory was proven wwmg. 



100 ® 



3 



1 pound 




Hot brass block 
(with caloric?) 




cold water 




The mechanical energy of the drill was the source of the heat energy. 

Heat energy must be energy of notion. 

Scientists came to recognize that Count Rumford was correct and as a 
result, science took a giant step. Soon after Count Rumford proved that heat 
is energy that can be transferred, the steam engine was developed and heat 
energy was put to work. Just thtok, the steam engine became the power source 
of the steam boat. Some made tractors for farmers using steam engines. Ofche 
used the steam engine to run pumps, elevators, and to run nearly every 
conceivable device for which we now use electric motors and Internal 
conibusjblon engines. Even in atomic reactors, it is the heat energy that 
ye use to drive our machines. 
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Teacher direction A - 23 (continued) 

lostsmct the students to follow your directions# Using a prepared 
acetate I lnst 3 nict the students to assesiblc their apparatus/ hut do not 
start It until Instructed to do so. After the apparatus is asseiii>led^ 
Instruct them to follow directions as witter and proceed with caution 
due to the fire# 

After conpleting the activity, discuss the findings In a class 
discussion# T he principle of action and reaction will he ohvious# It 
itwy he of interest to the students that the same principle of the Hero’s 
engioe is used in turning space ships “idien in flight in outer space# 




Thpic 2 • Teoperature can he measured by the Esdirenhelt and Centigrade 
scales# It is a measure of the hotness of an oh^ect# 

teOT "tenperaturs'’ should he an everyday word with the students, 
hut on3y a few will understand the relation of tesperature to heat# The 
following activities are to show that heat is energy and tenperature is 
only the degree of hotness and coldness. In discussion, use the term 
energy after heat whenever possible, siiA degree of hotness when referring 
to tei! 5 )erature# This relation of heat to teiperature is an abstraction and 
auBt he developed# Comaunication skills will develop via teacher 
discussions as the students use definitive terms correctly# Do not attenpt 
to eaiplaln the relation of 3heat to tengperature until the students eadiihit ^ 
undGrst&nidlii^ oS *th6 *k6riDB« tfe© “bheniioiiifti#6rs hftV6 du3>X ond 

Ihhrenheit scales# The students are to read the scales directly from the 
thermometer. It will he unwise to attempt calculation determining conversions 
unless 'the students wish to calculate corwersl^as# The formulas ares 

F « I C + 52 C = J ( F - 52) l‘C = 1.8* F 
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STUD0ST 



A - 23 

HERO*S ENGINE 



4. Alcoho3. Tjiamer 

5 . Ring etand 



IBfeiteriaXs for groups of three; 

Metal can 
2, Can holder 

Nylon string, 2k inches 

Ifany centuries ago a Greek named Hero developed a steam engine. 

It 18 a good effliisle of putting heat energy to work. You can Bake one If 
yo 4 wish. Some students have toumsDents with Hero's engines to see who 
can Bake theirs go the fastest. Others have attached puUeys to see whose 
engine develops the Bost poser. Your instructor Bay let you select a 
tn Hero engine construction if enou^ would like to con®ete. 

The Hero engine works on two principles; First, heat energy, and 
secondly, for every action there is a reaction, to this case steam is the 
product of heat energy and the action Is the steam pushing out the little 

holes. 

The instructor will give you directions to assesibling the engine. 

ItoUow directions closely and do net light the humers until told to do so. 

The alcohol humer is to serve as a source of heat energy. Ibe water 
in the can will ahsorh the heat. The water turns to steam as it absorbs 

heat euei!gy from the flame # 

Put about one inch of water to the bottom of the can and screw the cap 
on the can tight so steam will not leak throu^ the cap. It will, take a tow 
minutes alter the burner 1 . lit tor the water to ahsoto enough heat to cause 

turnings 

count the nustoer of turns the can makes to per minute each two ntoutes. 
One student is to watch the clock and make sure the counting starts at the 
right time and stops at the right time. One student to to count the turns, 
or revolutions. The third student to to record the data. 
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STUDENT A - S3 

P&ge 2 

Start counting the revolutions per minute three minutes after the 
alcohol burner has been lit and placed under the Eero*s engine. Make sure 
the tin can is not turning before placing the burner under the can. The 
should be suspended by a thin monofilament coid. 



TIME 


WAIT 


k 


6 


8 


10 


12 


l4 


l6 


18 


20 


REVQDUnOlVS 
3 ^ minute 


5 

HDHTHS 





















Make a drawing of the Hero’s engine. With arrovs show the direction 
of the turning and the direction the steam is blowing out. 



O 




How can you make the engine turn faetert Idet several ways and glye 
your, reasons for listing them. If you can't think of several ways, look in 
tr./'lrfi In youT room. The quickest way is to look in the index in the 
hack of a hook. look for Hero's engine or Hero. 
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Topic 2 (continued) 

Graphing will "be introduced In activity A •* 25* Graphing can basically 
show trends €und many tines en^rimental errors will make some points invalid* 
These should he discarded. Approach graphing as a mathematical tool used 
to make predictions* ho not esqpect student success Imnediately • The 
students* previous unsuccessful eu^eriences with graphing nay create some 
apprehension* Illustrate on a prepared acetate how sijnple data may he 

graphed* 

TEACHER DIRBCTIOK A - 2^ 

TEMFBRATUEE 
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IfeiterlalB for groups of three: 

1. 250 vOl heaker Alcohol humor 

2* The33BOBieter 5 « Ringstand 

3* Ice 

Do not he surprised if the students do not know which end of the 
thermometer to submerge for reading* Some students will have trouble 
locating the mercury codunn* The following activities will develop 
confidence by letting the students discover how to read the scales* 



Caution students that thermometers are not to be used as an oral 
thermometer* The thenaometer Is not to be placed in a beaker and allowed 
to rest on the bottom of the heaker as the heaker is being heated (it .11 

break)* 



WE HAVE STUDIED ABOUT HEAT HJIBIlGr AMD SEVERAL OF YOU HAVE MHSTICNED 
T3SMPERAT0HE* SO LET’S DO SOME WORK WITH TEMPERATURE. (Pass out the 
thermometers. ) WHAT DO lOU CALL THAT THING I OUST GAVE YOU? Thermometer* 
WHAT DO YOU HO WITH A THERMOMETER? Accept all answers, hut challenge any 
statement regarding heat by answering that heat is energy and must go fv<m 
a hot area to a cold airea, so what must tempesrature Indicate? It indicates 
the direction of flow of the heat* At the most opportune time continue with, 
LET’S DEraE TEMPERATURE AS THE DEGREE OP HOTNESS OR COLDNESS* NOW, LOCKING 
AT YOUR THERMOMETER, HOW HOT IS IT IK THIS ROOM? Place the prepared acetate 
of the thermometer on the overhead projector* Record all suggestions of 



tenrperatupe on the appropriate scale* 

Accept all answers* Some acting here will increase interest. Promote 
discussion among the groups* Ask one group to 

It will he most appropriate if you can ask a group that is giving Ehhrenhelt 
leadings to check another group that . reading the centigrade scale* 



EVERIOKE lock AT THE TOP OP THE THERMOMETER* EOT) THE LECTERS “C” 
and ”P"* Pause. 

WHAT DOBS THE ”C" STAND FOR? Centigrade* WHAT DOES THE "F* STAND FOR? 
Pahrenhelt* THESE SCALES ARE TWO WAYS TO READ TEMPERATURE* IT JUST TELLS 
YOU HOW HOT OR HOW CQU) THINGS ARE. LET'S SEE WHO IS THE HOTTEST, BOYS OR G. 
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Teacher direction A - 2^ (continued) 

GRIP THE TIIESHQMETER IN YOUR HAND. THREE MnTOTES FROM NOW WE Will. TAKE A 
READING. Decide what scale to read during these three minutes. WHICE 

DO YOU WANT TO READ? CEOTIGRADE OR FAHRENHETTt (Discussion) After 
time is \xp, average aU the girls readings and all the hoys readings. 
Repeat the activity placing the themometer in the hend of the elbow using 
the opposite scale. Stress the use of Eahrenhsit since this is the most 
commonly used in the conmmity. Make sure the students are proficient in 



reading both centigrade and fahrenheit scales. 

AT WHAT temperature DOES WATER FREEZE TO ICE? 52 P or 0 C. 

Accept all ansvers, hut do not tell the students the correct answer. WECIi, 
AT WHAT TaiPERATORE DOQES WATER BOH.? 212**P or 100*C. Accept all answers, 



hut do not tell the students the correct answer. LET’S FIND OUT. 

Pass out A - 2h 

The students are to determine the freezing point and boiling-point of 
water. They are also to take a reading every 2 minutes ^ »raph 

the results. They are to read the tlaermometer with the hulh of the 

thermometer in the water. 

The students may use the thermometer for a stirring rod, 
not to leave the thermometer In the water without 
students to take readings accurately at the prescribed intervals. 

The heakers are to he one-third full of ice ® 

Quantity of crushed ice to reduce the temperature of the water to the 
point. When the tenperature cools to 52’F, have the 

one tiny piece, of ice. Timing and jieatlng should start when the te» 5 )erature 
is approximately 32‘*F and a. small quantity of ice remains. 

After completion, go over the data using a prepared acetate ^ 
tenroerature scale, A - 2h, hy writing in the times of each reading between 
the centifeiads and Fahrenheit readings. Students are to follow using page 2 

of A* - 2k. 

The results are to he used in making the graph A - 25* 
niake any needed changes in their data to Insure success in making graph A - 2. 
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STUDENT 



A - 24 



TEMPE31ATURE 



4. Alcohol “burner 
Bing stand 



Materials for groups of three: 

1, Themioineter 
2* 250 aO. heaker 

3, Small quantity of ice 

Tenqjerature is a measwe of hotness of an object. We know that if 
we put ice in water, the tenperature should drop to 52* Fahrenheit and 
renein at this tenperature as long as ice is present. This activity will 
show that the melting ice will cause the tenperature of water to drop to 
52*F, the feezing point of water* Then by heating the water over an 
aXcohol burner, we can determine the boiling point of water. 

The procedure must be followed carefully. Add ice water to the beaker 
until it is one-third full. Add a small piece of ice and stir it slowly and 
carefully with the thermometer until the tenperature reaches 32 F* Wiile 
waiting for the tenperature to drop, adjust the ring stand to the proper 
height and li^ the burner. When the temperature drops to 32% record the 
e»<rt time, minute, and second. Bemove aU but a tiny piece of ice and 
place the beaker on the ring stand over the alcohol burner. 

While the water is heating, stir slowly with the therraoneter. Do 
not ever let the thermometer rest on the bottom of the beaker; this nay 
damage the Ihermomecer. 

To conplete the table you must take a reading every 2 minutes and 
record the tenperature In the proper space on the chart. Do be accurate, 
for these results will be used in the next activity. 

Conplete the table below. Be sure the tenperature Is recorded in the 

proper space under the correct time interval. 



freezing to boiling 

Intervals in minutes 




Starting time: 



Minute 



Second 



Vhat is the boiling point of water?_ 



How do you know! 



mmm 
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mCHER DlBBrnOR A - 2? 

r 

GRAPHINa 



This activity provides ej^rience in l a a Xin g a useful tool for 
analysis of data. The graph will he a brciken line graph and not a 
curved line. Starting at 52*P, the line should run horizontal for 
a short distance until the ice has melted. This line remains 
horizont«il due to the absorption of heat energy In melting the ice. 

T5:e line will then rise at about a 45® an^e until the water starts 
to boil. The line again becomes horizontal and will remain so until 
all the water has boiled away. It remains constant due to the 
absorption of heat energy as liquid water changes to water vapor 
(steam). 

The terms HEAT OP VAPOBlZATICir and IISAT OP BUSIOK should be 
introduced and used in the discussion and e^gplanation^ but should 
not be imposed cn the students fox* memory. 

Use the prepared acetate for recordi n g the students* data for 
discussion. Using several student’s data fear showing the same resuli;6 
will be good. The difference in location of graph will reflect the 
differences In the quantity of heat produced by the different burners • 
The steeper the slope ^ the faster the water was heated, or the more 
heat energy the burner was producing. Also some groups may use more 
water than others. The smaller the quantity of water used, the steeper 
the slope will be. 



T^ic 3 - The Kinetic Molecular Theory of heat is a model of matter as 
consisting of moving molecules. 



Models are useful in e::q>laining what one observes. Models are in 
reality a visual picture of an idea. One visualizes how something 
works. • An exanple is the model of the solar system which we use In 
accounting for the motions of the planets, day and nigiht, seasons and 
the like. Likewise, molecular theory is a model of the nature of matter. 
It enables us to account for many phenomeiia such as expansion of things 
when heated, the pressure of a gas, the energy involved in change of 
state, the movement of heat energy, the spread of odors, et. al. ”Wfe 
shall use it in extending our knowledge of heat energy. 

The teacher may wish to demonstrate some of the activities in 
this topic rather than to use them as student activities. 
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A - 25 



0 



pw^ Of thl. activity Is to convert the data you obtain^ ^ 
the previous activity into a »ore usem for*. 

Wka the «ata easier to toterpret ard -ucu easier to r«a. It vlU enable 

pouto goes, vhat «l«ht lespeu If r>« -ctlrrua* the o^^rleent over a 
XongpT period ot 

* 6«Ph consists of teo parts, the hortenrtal an* vertical axis. 

^e horlscetal axis runs across the page and the 

and dean the paee. ^ 

^ run fro* the left side of the pa^ to tha right aide along tb 

horizontal axis. Ihe tew«ature starts an ye 

.M.. m ease ev***e ^he vertical axis. 

Mge and increases as you go r* the page awag 

TO locate a polrrt « the graph, -ce horlsontalljr acr^s tte 
the te.®e*ators reccrded In r»r dal*. Hext, nove vertxc^fron 
the proper tl» Interrtl straight the page. Where the two lisaginary 

iJ cross, -hhe a point. ^ 

aateu After finding aU your poliits, connect then with a straight . 

The graph lor your group vlU iKrt be the sane as the graph your 

neighboring group vlU *ke. It 

Can you figure out whyl Can you teU »re fron the grtph you «de than 

you caa trow the data ifecorded in yoar table? 
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TEACHER RESOURCE 



The assujjptions on vhich Kinetic Molecular 'iheory is 1)8866. are 
as follows: 



1. Matter in all its forms (gases, liquids, solids) Is co^sed 
of extremely smaU particles called molecules. Molecules in 

turn are composed of atoms - 



2i Molecules are In constant motion with speeds which increase 
with an Increase in temperature. 



Molecules are separated hy spaces as thou^ they ^re 
■bouncing spheres. Be solids, the spaces are small ^ ^tion. 
is limited; motion consists largely of ■rtbrations ■vd.th 'the 
BoXeevaes keeping approximately -the s^ 

In liquids the molecules move more freely shirting 
relatl»B positions (as when a liquid is po^d), hut cli^^ 
tonether. 3ii gases the spaces are large; the rate of nmim 
is^greater; and the molecules tend to fly aray 
othCT. Wieu molecules collide they bounce frcmi each other 
as if they were cosfpletely elastic with no apparent loss of 

energy. 



D 



k. 



The molecules attract each other with forces that act like 
gravitational forces. 



When matter is con^ressed, the size of the molecules remains 
the same, hut the spaces between the molecules are decreased. 
Thus a gas, with wide spaces between the molecules, is 
conpressihle , 



6. The pressure of gases is produced by the mov^ 

oniiiding with the walls of the container. «hen tte 

and the mmfljer of collisions of the molecules are increased 

the pressure becomes greater. 



Theories are useful to the extent that they enable us to build 
mental models to more effectively investigate and arrive at more 

c^STions. Ih.building the model of molec^r 8^^^. 
the assunstlon that all ^tter 
are in motl«v due to their energy, heat energy. ^ 
the three states of matter can be generalized as follows. 



1 . 



o 



Solid 

The heat energy in solids is low and thus the motion 

«,Ss is Slow. »ilecules are close together 

with little space between them. This closeness of the 
molecules is why solids are heavy. 



o 
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The heat energy in liquids is higher than in solids^ and 
thus the motion of the molecules is faster than in solids. 
The molecules are not os close together vith a little 
more space "between them than in solids. Since tiiere is 
more space between the molecules liquids than in solids^ 
liquids are lighter, (ice is an exception because of its 
unique crystalline stmcture. ) 



The heat energy in gases is hi^er and thus the motion 
of the molecules is faster. The molecules are far apart 
with a lot of space between them. This vast free space 
e 3 q>lalns why gases are so much lighter than solids and 

liquids . 

ft+.fltements have identified solids, liquids, and gases 




Change of State of Water 





Heat cf Vaporization (5^ cal/g) 
Bonds holding the molecules close 
are being broken to form a gas 



Heat of ]?lision (80 cal/g) 

Bonds holding the molecules close together 
in a fixed position are being altered to 
form a liquid. 
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tmcher direction 



A - 26 

expansion of mecaxs 



bterlau for 6 ^B Of ttoee^ Ball and rlo« e:<panBloa apparatus 

1, Olass jar and metal lid 3 Alcohol humer 

2. Boiling water 

This activity wUl make use of «« 

students *®*!?°a^to‘c^are^date of two e)S>eriiBent 8 shov^ tte 

^S^laTe r 4 "S%^S.rasS^ .uLtioaa and supplying 

information when needed. 

PHEDICII<«: ABE SEPAI&™ 

BOUBCIHG BAUfi, 2 ® ® ™ 

IHHt THE SOBSTAHCE SHCHtD GEE BIGGER HHEH HEATED. 

jirrestigations used to test this predictton are. 

a how i.”t ttif^cfcs a Bieijal 

- 1 . To see if heat makes solito ^ ^ ^ student screw on this 

jar lid on a ^s in hot water (toiling) ^ 

lid tightly. Then f ® “t. Use care not to heat the 

niilcklv try to unscrew it using a 
^8 jar7 If tau^ as a demonstration ask. 

bobs UD COME OHT EASHIi Xes. HOW DOBS THE HEAT ABTT«T THE 

imo. LIDi (Discussion) The s»leoules move further apart resulting 

inerpanaion. The Jar and the metal did not expand the same 

amounts 



2s 



TO aee if fjiw to^e^lfttebS tte^the^ 

ehoh’ttoe.^iB ej^lment works very well. Caution the 
=+..Sents not to hum themselves. 
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STUDENT A - 26 

EXPANSION OF METALS 

Materials for groi5>8 of three: 

1, Glass Jar and metal lid 5* Ball and ring 

2. Boiilug vater Alcohol Dumer 

Ita this activity you are to consider tvo conditions, drav ooncl-osions, 
and. support or reject a prediction. The prediction nay or nay not be right. 

PREDICTION: 

If molecules are separated *by spaces as though they vere houncing 
•bauT, and if the motion of the molecules speeds;^ when heated, t]to 
the substance should get bigger when heated. 

Investigation 1 

Screw the jar lid on the jar tightly. Submerge only the metal rim of 
the lid in boiling vater, then immediately try to unscrew the lid. Remeniber 

you screwed the lid on very tight. 

1. Was the lid easy to unscrew? 

2. Did the metal ejcpand or contract? ' ■ — 

• 5. How does the metal expand? — 

Investigation 2 

The ball should barely pass through the ring when both are at room 
teiBpeiature. 

1, If the ball is heated, will it pass through the cool ring? 

2. K the ring is heated, will a hot baU pass throu£jh the hot rlngL. 
5, Will a cool ball pass through a hot ring? 

4. How could the metal expand? — — 




9 ^ 



STUDERT A - 26 

Pag© 2 



DID INVESTIGATION 1 AND INVESTIGATION 2 SUPPORT THE ORIGINAL PREDICTION? 



1. How did Imrestlgation 1 support the prediction? 



2* How did Investigation 2 support the prediction? 
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TEACHER DIRECTION 



A - 27 

HFAT : WEIGHT AND VOLUME 



Ifeterials for groups of three: 

1, Bar and pin used In A - 1 

2 , 2 hooks 

3 , Ring stand 

k, 8 vashers (4 oz, each} 

5 , 500 ml flask 



6. One-hole stopper 

7 . String {2k inches) 

8. Alcohol humer . ^ 

9 . Plastic soda straw (fit rubber stop 

lb, 250 ml beaker 



PREDICTION: 2 MOLECULES ARE SEPARATED AS THOUGH THE! ARE BOUNCING 

BAILS, AND 2 ™ MOriCaJ OP THE MOLECULES SPEED UP WHEN HEATED, THE 

SUBSTANCE SHOUU> GET BIGGER WHEN HEATED. 

TmrGstiKation 1* Assemble the apparatus by placing the ® 

tL to one end of the her 

and balance vith . f oolrvatef t^ei ^tS flask, 

water should be lighter. 

Jtorestigation 8 : Add iia^r tot^the^"^^ 

a glass tube Into a rubber st^er and fiy t 

o?^;er^He^tte"S:sk^tS^e^^^^ ^nibbles a^ear. 
“r^XHie ?:^efLrallo. the flask to cool, voter should 

be dravn up into the tdbe as the air cools and contracts. 



r 



TEACHER DIRECTION 



A - 28 

CONDUCTION, CONTOT.ION, RADIATION 



a • ‘t'v Qfi tha methods of transferring 

This activity is a read^g ?he students or let them 

heat, nie teacher may want to read it aloud to the snuaenws 

read it alone and then read it with them. 

activities outslte the different tops. 

Pass out A * 28 
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A - 27 



HEAT: \«EIGHT AUD YOLOI4E 



) 






1 , Bar and pin used in A - 1 


6 . One-hole stopper 


2 , 2 hooks 


7. String {2k inches) 


3. Ring stand 


8 . Alcohol turner 


If. 8 washers ( It oz. each) 


9, Plastic soda straw (fit rutoer stop 


5 . 500 na flask 


10 . 250 ml heaker 



la thiB activity you are to consider two ooncHtloM, draw conoluslona, 
and sig®ort or reject a prediction. 5he prediction may or nay not te right. 



PREDICmCB ; 

If molecules are sq)arated T>y space as though they were touncing halls, 
and if the motion of the molecules speed up when heated, the substances 

should get higger when heated. 



Investigation 1 

suspend the meter stick at the mid-point from the ring stand. Add 
cold water to a flask until the water level is to the neck of the flask. 
Attach the fiask to one end of the meter stick with a string and balance 
with wei^ts. If more water Is needed for tolanee, add water until the 
Meter stick is in balance. Mark the final cold imter level on the flask. 
5 Chen pour out the cold water and replace it with an equal volume of hot 

water. 

3 





. 1 , Was the cold water heavier or lighter?^ 
2 . Why did the water eaq^and when heated?. 
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STUDENT 
PiEige 2 



A - 27 



Hjnvestiiptioii 2 

m. trater to a 250 nl beaker until It Is tvo-thlrds fuU. Apply 
liquid soap to a glass tdba and Insert the glass tribe In a rribber stoa^ 
and fit It lightly into an enpty flask (fall of air), torert * 
and dip the end of the tribe into the beaker of water. Heat the flask 
vlth an alcohol burner while holding the end of the tribe under water 
until several air bribbles appear. Then renowe the burner and allow the 
■fi.av to cool, keeping the end of the tribe in the water. 



1, Where did the bubbles come frop? 

2. Why did the air eaqaand 1*611 heatied?_ 



3. Why "was the wter dravn vtp Into the tube?^ 



0 
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STUDENT A - 28 

CONDUCTION, CONVECTION, RADIATION 

Let’s go swimming in John’s swimming pool. Get your swlt*. suit, towel, 
and hat and let’s go. Dy the way, don’t forget the sunburn lotion - we’ll 
need it. The sun is hl^ and it’s really hot outside today. ¥ish I had 

ay sunglasses to reflect some of the light and heat. 

”Hey, John, you must he crazy. You painted the diving hoard hlack 

and it’s so hot I can’t even touch it. Don’t you know that dark colors 
ahsorh more heat than li^t colors?'* Oh, well, anyone can make a mistake. 
John knew that people use white shingles on their houses because In the 

sunnier they are cooler, hut • - - - - 

makes me hungry so I brou^ along sca» hot dogs. John has 

e charcoal pit and some metal rods that we can use. Bw ahout a w^r 
roastt Ibe heat is really radiating from the sun today. It*s amzlng 
how BO much energy can get from the sun to the earth, especially since it 
has to travel throu^ ovrter space and doesn’t even have the wind to help 

it today. 

•That’s a pretty good fire you got there. Jack. Won’t it go out unless 
you tm it? The wind isn’t blowing today." Jack watched Boss and Little 
Joe huUd a fire one time, and he figured out that heat rises when a fire 
is built, cool air from all sides rushes In pushing the hot air ftom the 
fire upwards, air circulation is called convection and, if you think 

a minute, convection explains why the wind blows. This is also w^ we 
direct the cool air of our air conditioner toward the ceiling. Hot air 
Is lighter than cool aJx. So the hot air will be pushed up toward the 

celling by the cool air. 

"Hey, John, I though* you were crazy, but now I know you are stupid, 
lour metal rods that we are using to roast the hot dogs with are getting 
hot. We can’t hold them.- John wasn’t really stupid, he iuet forgot to 
get the wood handles for the rods. He knew that metal conducts heat and 
that some umterlals are better conductors than others. Wood doesn’t 
conduct heat very well. That's idiy it is used for a handle. 



I 
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A - 28 



lief 6 try to rei»ei*er sone of the things we learned from this party. 
1'U list a few and you try to reKeaber how It happened. 









1 . 



2 . 



5. 



4 . 



Dark colors absorb more bsat than colors. Light colors 

radiate more beat than dark coloirs. 

Heat can travel by radiation vhicb does not require any help 
from solid pieces or the wind. 

Heat can trawel hy eorwectlon whieh is cauaed hy the air circulating, 
Hrt air IB lighter then cool air. Hot air riaea and cool alx 
settles to the ground due to gravity. 

Hsat can travel hy eonauetlgn where it Is passed through a 
soUd piece such as metal. All solids are not good condnetors. 
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teacher direction 
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A - 29 

heat of fusion 
heat of vaporizatiqii 



5, Two fifts turners 
k. Two therffloneters 



Materials for groups of three: 

1, Two 250 ml beakers 
2* Two ring stanfls 

to a liquid vlthout ice.^The ctaange ot ® 

ice Is 80 calories per o • mve i^e will ahsoirt) heat 

aom to a llqu« vill ?h»solve8 to bac^ 

eneror (80 l^reaae the hoaius VObA U 

a liquid, then tte the quahtlty of heat energy reqjiired 

reached. B* eajxirie le d ^fUquid eater one degree centl- 

to Increase the traqwratupe oi on gW . nolecnlar 

This eeana, if you » liquid until 80 

^teuctupe vill prevent the the wter le In the 

calories of heat is ahsorted hy ^ calorie of 

liquid state, the t^rat^ of ^ ' t^reaalns in the liquid at®*®' 
heat energy U l^^^^^trScrease as heat energy la ahsorhed 

^ aater of the «ter will not increMe 

nntU it reacihes lOO C. te^ continue to ahaorh energy. K 

above 100*C in an open “"^,'“*7 ?^.c the nolecnles will prevent 

Srtne gr«s of water i* energy ia ahs^; 

the foMsing of water wpo^U; 5W the honda 

to als^ called the heat of vaporization of water. 

The atudenta need to understand the ‘ 

aenonstiation using VX “^“fJ^te^ set^^he deBonstratlon app^tus, 
humer and a thersoneter to ^^te. ^ ^ acetate, 

Z “na^no dennnstratton to conplete. 

lar-s T«K AB<WT A lOTTE CJP 

but mar, VHAI MUOS the TBCraATOHE of SCMBiantG HTSEJ (Atsorhs heat) 

HOW KICH BEAT MAKES WATER TEMPB»TOHB RISE l*Ct Calorie. 

Do not give the atudenta a technl(«l “'j“^^*he a^te 

not a factor In eatortoa. Start tte^ da^ t^^U a’at^ent stir the water 
under the definition for the , ij, yj,u i>e 100 calorlea 

s’bS's,^sxnr*Si«»). « It ««» >«» -t-” 
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IteaCher direction A - 29 (continued) 



to xnlee the temperature I'C. teke «P Pr°T>l^ “ hoe many calories 
are needed to raise 50 grams of eater 2 C? 100 calories. 



A - 27. 






TOEDICTIOH: OT »RE m® IS mUIHED TO OHMS® THE SEATE OF A 

SOBSIMICE TEMI To CHMKffi THE T0OBRATDHE CF IHE SOBSTAHCE, S® OT<W 
HEACTie, THE ICE ABO BESOtTOT} ICE VATER AT 0*C WHI. RattIB AT 0‘C 
mm. THE ICE IS MBUTBD. THEK, OTQH COHTIHOED HEWOTG, TEE EATER TQIFEBA- 
TOEE HIM. RISE TO 10O“C ABD REMAIH RTOH. AM. TEE HATER IS CHAHG® TO STEAM. 

(Discussion) 

Bass out A - 29- 

me students are to conplete the table and graph the results. 



Place ice in two 250 ml beaters and add -water until l/2 
Stir ^“a tte^ter^tll the liquid reaches 0»C. Re^ the tee 
^^fteal^S^laclng the lost volume of by a^^ i^^ 

a^tld ^produce the s^ 

Record the temperature each minute over a 30 minute period, ^cord 
Ss ^ ^ ^ph. 0» completion of the activity, clinch the 

concepts in a class discussion* 
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heat of fusion 



HEAT OF VAPOKEATIQHf 



Materials for groups of three: 

1 , OSk) 250 na heaters 

2. Two ring stands 



3* Two gas humers 
K Two thermometers 



Tbe heat energy a eiibstanee ahaoxte naJces the tejcerature rise. 
S<netlia», however, the temperature does not riae even wher. a great a*al 
of heat le ahaoAed. Vbe calories, the aawunt of heat energy, ahsorhed 
hy the BolecHles detendne if a substance remains a solid, llqiiia, or 
gas. W»en heat is helng sdsoAed one of two things will happen! (l) the 
teii^rstuxe will rise and the phase (solid, Uq,uld, gas) will not change, 
or ( 2 ) the temperature will stay the same and the phase (solid, liqjiid, 
gas) will change. The aaount of heat required to change a aolU to a 
llqjdd without changing the tenperature is the heat of fusion. Bie 
D anowrt of heat required to change a liquid to a gas without changing the 

tenperature is the beat of vaporization. 

This activity vill show these relationships. You are to read the 
directionB, coaplete the activity, record and graph the data, and 8<®port 
or reject the prediction. 



Prediction ; 

H acre heat is required to Change the phase of a substance than 
to the tenierature of the substance; upon haatlng, the ice 

sad resulting ice water at 0*C wlU renain at 0*C until 1*e ice Is B^ted; 
then, upon continued heating, the water te»j)erature wiU rise to 100*0 
and remain until all the water is changed to steam. 

Set >® two ring stands with two burners adjusted to produce eqpal 
amounts of host In'tensl'tya 

Itosber the beakers 1 and 2, then add ice and water to the two beakers 
until the water level is eq.ual la both beakers - about half fuU. Stir 

^ the ice water until they reach the freezing point, 0*0. Bemove the ice from 

^ the flret beaker and place it in the second beaker. Pour water out of the 

second beaker into the flret beaker until the water levels are the sajee. 

% 
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siaraai a - 29 

I^ge 2 

Place l)oth “beakers, at the saine time,* on the riiig stands, stir gently vhile 
teisjerature* each siinute for twenty minutes. Beoord the teaseratures 
in the Ihble. After completion of the table, graph the results anA Interpret 

the data. TEKFEHA^TOBE AND HEAT ABSORFTXCK 



• 

Beaker 

Nuiiber 


1 


2 


3 




5 


6 


7 


8 


9 


10 


11 


12 


15 


Ik 


15 


16 


17 


18 


19 


20 


1 . no Ice 










































2 . With Ice 











































!Ehe graph vlll have two lines. Label the line 1 ae ‘*no Ice", and 
label line 2 as "with ice". 

1 . Dow many minutes did It take the tenperature In the beaker with 

**no Ice" to start rising? 

2. How many minutes did it take the temperature in the beaker *Vith ice" 

to start rising ? 

Sxplaln the answers In questions 1 and 2. 

3. WLch beaker of ice water absoxbed the moat heat? 

How do you know? 

4 . Label the parts on the graph that represent the heat of fusion, 
teaperaturerise, heat of vaporization, ice, liquid, and the texaperature 

where steam forms. 

5. Hoes your data support or reject the prediction? Explain In detail. 
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heat, chemical reactions, At5D BIOLOGICAL SYSTEMS 



Topic 1 - 



O 



The rate of chemical reactions is tnfluenced by tenperature. 
A biological system is the product of chemical reaobions 
that maintain life. Teiisierature is a crltloa* factor in 
perpetuating life. 



teacher RESOURCE: 



■Phe rate of chemical reactions is Influencei by neat in aU cases, 
re is critical to a biological system. The use of the incubator in 

be used to demonstrate this influence of teut^rature 
^*cbScS^x^arti<ais. Little reference should be made to descriptive oermB 
:Sc^ « ^Lrofter^tabolism, et. al. -the physical phenoa^non snould be 

stressed. 



The following ideas are to be taught; 



1. Life Is the product of all the chemical reactions that occur in 
a living organism. 



2. 



»^ne temperature of the complex organisms ve call Lirds ^d 
^uLot^rv ^t a few degrees if their life is to be maintained. 
The referSces ±n the following discussions pertain to the chicken 
and man. In other organisms the temperature may vary somevnat 
more than in birds and mammals. 



3. The enzymes are proteins that regulate the chemical reactions. 



k The rate of chemical reactivity of enzymes L 

’ Tbell shaped curve vrith maximm activity au the top. This 

is most inportant in determining the optimum temperature for lif . 



q A calorie Is the amount of heat required to raise the te^erat^e 
of ore gram of -i^ater one degree centigrade. A kllocalor e, ^ en 
Calorie equals 1000 calories. 



The chemicals to be considered are proteins, carbohydrates (sugar 
and starch), and fats. A test fcr protein consists of adding 
nitric add to an unknown solution. -Wlien proteins are 
they turn yellow. A test for s\igar consists of adding Benedict 

solution and heat. A copper color to 

nAT*+fn'ii aucars ’^e test for starch consists of adding iodine to 

When otorch is present 

kean, unglezed, paper towel. A pereanent translucent 
spot Indicates the presence of fat. 
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Teacher resource (continued) 



The last activities dcajonstrated heat energy and tea^peratia:^ as only 
a physical pheriomonon. The phyoicail activities are also iinporbaiit factors 
in life. The following activities will consider several of these physical 
aspects* A suggested calendar for the study of chick development can he . 
found in the appendix. 



PEOPLE HAVE SPESIT MILLIONS OP DOLLAES ON HEATEES AICD AIH CONDITIONERS 
TO KEE3? WARM OR COOL* THET DO TfUS FOR ONE REASON; TO REMAIN AT THE SAME 
TBMPERATUHE. NHAT T5MPERATURB DO YOU THINK IS THE BEST TEMPERATURE FOR . 

A C3LASSROOM TO BE? Write all answers on an acetate* DO WB WANT A 
PARTICULAR TEMPERATURE? E’ew, if any, correct answers will result. RHAT 
IS SWEAT? It is mostly water. HOW DOES SWEATING AFFECT THE BODY? It cools 
the Body; WHAT HAPPENS TO THE SWEAT? It evaporates. IF THE EVAIORATION 
OF SWEAT, (WATER) COOLS THE BODY, THEN THE EVAPORATION OF WATER SHOULD COOL 
A THERMOMEIER. LEai*S TRI IT. To demonstrate this cooling effect,»wrap 



some cotton on the Bulb of a thermometer, clip it in water, and have a student 
fan it to hasten the rate of evaporation. The ten 5 )eratiire of this thermometer 



may then Be conipared to a dry thenuometer at room temcperature. How many 
Agrees does evaporation cool the theimiometer? 

WHAT HAPPENS WHEN YOU PUI! ALCOHOL ON THE SKIN? WHY PM PATIENTS WTEH 
A HICEH FEVER SOMETIMES GIVEN AN ALCOHOL BATH? WHICH WOULD LOWER THE 
TBMPERATURE MORE, ALCOHOL OR WATER? HOW CAIT WE FIND OUT? ' Involve the 
class In planning the activity. 

LET ME TELL YOU -ONE 'Cr THE THINGS SCIENTISTS BELIEVE ABOUT LIFB. 
FIRST, LIFE IS THE RESULT OF ALL THE CKH'filCAL REACTIONS THAT MAINTAItf A 
.LIVING ORGANISM. WHAT ARE SOME OF THESE REACTIONS? LET ME GIVE YOU A 
■ START: RESPIRATION, LOCCMOTION. List on acetate class suggestions. The 



term or^nism vill need to Be defined. 

LET ME ASK YOU ANOTHER QUESTION: WHAT IS FOOD? Discussion. SCIENTISTS 

SAY THAT FOOD IS A ICXTURE OF CHEMICALS. DO YOU AGREE? Discussion. LET'S 
CONSIDER THREE TYPIB OF POOD: PROTEINS, CARBOHYDRATES; AND PATS. YOU HAVE AI 

HEARD OP THESE, AND KNOW YOU HAVE TO EAT 'THESE FOR A GOOD, BALANCED DIHP, 
BEGSAUSE THESE PROVIDE US WITH ENER(3Y, AND PROTEINS ARE ESSEtJTIAL POR'GRCWTE 
and REPAIR. JUST EATING THESE .HOWEVER, WILL NOT KEEP YOU ALIVE. YOU MUST 
ALSO !vIAINTAlN A CERTAIN BODY TEMPERATURE; AND, OP COURSE, DRINK PLEJlTy OF 
WATER* WHAT TEMPEMTURE DO MOST PEOPXjE MAINTAIN? (S)S*6*F) Discussion. 

This tenders ture is Best for chemical reactions of the Body to take place. 

If a person gets too hot or too cold, death vrill result. If you Bum your 
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Teacher resource (continued) 

finger, the cells of youx sltin are killed. If you touch your tongue to a cold 
ice tray, the skin on the tongue will not only stick> hut he destroyed. Other 
exBHples naay he suggested by the class. Stress that the temperature has a 
direct relation to the chemical reactions causing the death, 

LiT1?’S CONSIDER THESE CHEMICAL RSACTXOI^S IN A REAL LIFE SITUATION. 

MAN! OP YOU HAVE SEEN A CHIOCEN EGG? HOW MANY OP Y(XJ KNOVf WHERE LITTLE 
CHICKS COME PROM? THE CBICKM OR THE EGG? Discussion. Both answers are 
correct. LET’S RAISE SOME LITTLE CHICKS, AND DURING THIS TIME PH® OUT AS 
MUCH AS WE CAN ABOUT HOW THEY DEVELOP. WHAT WILL WE BEFORE WE START? 

LET liE TELL YOU SOMETHING ABOUT 51GGS THAT YOU WILL NEED TO KNOW, PERHAPS 



YOU ALREADY KNOW MOST 0(P THESE THINGS, BUT LET’S MAKE 


SURE. Write on the 


overhead projector and discuss each item. 






1. Parts 


Structure 




Function 


6t # 


Shell 


a. 


Protection and Insulati 


b. 


YqUc 


h. 


Fhod for the enibryo 


c. 


Albumin or white 


c. 


SVDod for the embryo 


d. 


33gg (a white dot 


d. 


The fertilized egg 




on the yolk) 




develops Into the chi 



SHEaX 




2. Incuhatlon requirements 

a, 21 days at 99®P, (longer at lower temperatures) 
h. Turning the eggs in the incuhator every ^ tc 8 hours 
c. Adequate air and moisture 

‘Alter discussing these points, have each group of students write their 
names on six eggs with a pencil and place the eggs in an incuhator. Let 
the students ask questions about the incuhator. Have discussions concerning 
the physical features of the incuhator. Many excellent points can "be made 
- concerning thermostats, hunidity, insulation, etc. The follovjjng actxvities 
will stress the parts of the egg along with the protein, carhohydrate , ana 

fat content of foods. 
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Teacher Besource (continued) 



Hie procedi\re for opening eggs should he deioonstrated. If the 
eggs are cracked very gently the shell my he rejnoved for ohservation 
of the laejBhranes, ®ie students should enjoy this procedure and can 
compete to see vho can reaove most of the shell vlthout sreleasing 
the olhinnln and yolk. Vhen removing the young chick enibryoe, alvays 
release the contents of the eggs into luke vam vater. A petri dish 
servos veil as a container to ohaerve the enibryos. 



!The egga viU require 21 days of Incuhatlon at a temperature 
of 99 *F. A two degree variation is all that should be allowed. The 
development of fertile eggs is inhibited at 55’P* M)ryonlc develop- 
ment vUl begin when the tengpeztiture is Increased to 99*F. A prolonged 
■variation of more than 2®F either vay will retard the growth or kill the 
embryo. Another critical factor Is the turning of the eggs. This 
should be done ideally every hours. If the eggs are not turned, 
hatching will not occur. However, some development wHl take place. 
hrvolTe class neinbers in the turning schedule. 



TEACHER DHtaonON A - 30 

THE O HXC g M EGG 



Materials for groups of three; 

> 1. Egg 

2. Forespa 
3« Fetrl dish 

I(U3^ warm water 



3. Ruler 

6. Scissors 

7. Baper towels 

8 . 230 ml beaker 



^Wsress «t the beginning of this activity the importance of heat and 
chemioal activity. The eggs prior to incubation were kept at 35®F and 
little, if any, reaction took place, therefore j; no enbrionic deyelopment. 
Before incubation i*e fertilised tm look just like unfertilized 
eggs. 3h thlM activity the atudanta are to open an unfertilized egg 
to set its pvts. Sobs students nay want to put some unfertilized 

sh *i;he incubator for coBgmriaon. Be sure to nark them for identl— > 
fleawn. ^ parts of the egg the students are to observe are the 
shell* neaibiins, albunlA, ehalaza, and the tiny enbrionic egg. The 
students are to gently crack the shell and remove a portion of the 
shell to eatposa tha nsMbrana* After observing the menbrane they are 
to brakk it fund poqr the oontents into a petri dish to make observations 
and drawings of what they oheerva. 










Teacher direction A - 50 (continued) 

A Biaall amount of luke -warin vater should be in the jpetrl dish* A prepared 
acetate of the parts (labeled) are to be placed on the overhead projector, 
without reference to it. This will serve as a guide. Do not e^qplaln 

the parts or their function until after the activity. 

mVESTIGATB Alf EGG OPKI'IIKG ED TO SEE OTVT IS INSIDE. YOG ARB 
TO MAKE A DRAWING AND IDENTIPr THE PARTS. 



Bass out A - 50 . 

Before the students begin work read over the directions with them very 
carefully. Create an atmosphere of conpetition in who can peel most of the 
<»hell away before the Inside of the egg spills. Caution the students to 
work over the petri dish and towels at all times. 

iifter the students complete the activity, asseaible for a class discussiot 
There should he confhsion concerning the function of the parts. Using the 
prepared acetate, discuss each part; 

1. Shell - protection and allow gases to enter and leave the egg 

2. Yolk - food and hold the embryo egg 

5 . Meidbrane - Allow gases to enter and leave the egg 

l^. Albumin - food , . .. 

5 . . hold the yolk (Mote: This will te tr«*en i*en tte egg 

^ is poured into the petri dish) 

6. / Air sac - a reservoir of air , . ^ a.u' 

7. anbryo egg - the fertilized portion that will develop into the 

chicken 



WE HAVE DECIDED THAT THE YQIK AND ALBUMIN PROVIDB THE POOD FOR THE 
UffiRYO. WHY WOULD THE YOUNG EMBRYO NEED POOD? Discussion. TO OiBSERVE 



THE DEVELOPMENT OF THE EMBRYOS, WE ARE GOING TO OPEN THE EGGS CK THE 
POLLOWINO DAYS; 5th DAY, 9th DAY, l4th DAT, AND 19th DAY. RBfflMBER WHAT 
YOU SEE. EACH OP THE FOLLOWING ACTIVITIES ARB TO BE KEPT POE RSPERENCE. 



If time permits, have the students dilute formaldehyde to a 10^ 
solution, wash the bottles, and prepare to start preserving specimens. 
If time Is too limited, do this the next day. Bach group will need 4 
bottles. Baby food Jars are suitable. 



TEACHER DIRESCTIOHS A - 51 

FIVE DAY EMBRYO 



Materials for groups of three; 




1, Egg 

2 , Forceps 7- 

3 , Scissors o* 

h Petri dish 9« 

5 , Luke warm water 



4 paper towels 
Ruler 

Bottle for specimen 
10^ solution formaldehyde 




# 
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A - 50 

the CHICKESf EGG 



Materials for groups of three: 

1. Egg 

2 . Ebrceps 

3 . Petri dish 

1|.. Luke varm "water 

5, Scissors 

6. Paper towels. 

J. 250 ml beaker 

Tou are now starting to study one of the most interesting parts of 
sci«.ce, -ho. life begins and devel.g«>. Ufe in the ehick egg begins 
^th the snsU white spot on the yolh. It really Isn't hard to see. 

Pro. this little ,*ite spot a chick will develop, grow, and becce ® 

adnlt chicken. In the foUowing weeks you will open 

the develop^nt of the ehhryo wary closely, ■today's activity 

you to see the parts of the egg. tbllow the directions very coaely and 

use good laboratory procedures. 

Obtain an egg fro. your Instructor. To determine if the egg is 
fresh or not, place the egg in a beaker of water. If it sinks to the 
hottom it IB fresh. If it floats, it is not a fresh egg. W^o^u 

suppose s stale egg floats? Is your egg fresh?_ 

you Imov? 

After detersdnlng if your egg is fresh or not, begin your Investigation. 

you are to make a drawing and label the parts. Tell the function o ea 

Very gently crack the large end of your egg. Then with your forceps 

or finger nail peel part of the sheU away. ” 

the thin ..mbrane Just under the sheU. At the large end of the e^. a 
s»U air sac separates the shell from the tmhrane. ®e air sac is r a^ 
a very .»U portion of the fresh egg. At all other places on the egg sbeU, 

the neinbrane Is just beneath the shell. 

After seeing the membrane, empty the egg into some luke warm water in 

a petri dish for observation. Make a drawing of what you see, label the 
parts, and tell what you think each part does- 



o 
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STUDENT 
Page 2 



The parts you are to identify are: 
1. Shell 
2* Menbrane 
3. loUt 



ii-. Albumin 

5. Bnbrionic egg 

6. Chalaza (a vhite cord attach^ 

to the yolk) 



Ifeke a dravlng helow. Write vbat you think each part does heside the name 
of the parte on your drawJng. Uemeniber, life regiilree air, food, earath 

and protection* 



O 



% 



i 



inches 



Hov long is the enibrionic egg? 

When you coiplete this activity, dlepoee of the eggs as your instructor 

directs. 



o 
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Teacher direction A - 31 (continued) 

This activity vill he the first proof that growth is really occtiring. 
Students vill he anazed at the growth that has taken place. The heart 
* should he heating and the outline of the chicken will he seen. It Is 
turortant that the food (chemicals) is being consumed and used. Heat is 
also critical or the reactions will stop, and death will occur. Use the 
terms proteins, caihohydrates , and fhts at every opportunity. 



TODkY WE AHB TO OPHI THE EGGS OTE (5) UdXS AFTER 3HCUBATI0N HAS 
BBGOE. IT IS BffORCAHT THAT YOU USE GOOD lABOBATORY TBCHHiqOBS. REMEMBER 
TO .CRACK !EaB EGG CTITIiY CN THE LARGE END, THEH PEEL THE SHELL BACK CAREFULLY. 
EACH GROUP IS TO PICK UP CHE EGG AHD FOCLOW UIRBCTIONS AS THEY ARB WRITTEII. 
BE SORE TO MAKE AN ACCURATE DBAWESG; IP YOOR BfflRYO HAS NOT STARTED TO 
DETBLOP, SEE MB AS QUICKLY AS POSSIBLE FOR ANOTHER EGG. WHY MlOOr SOIffl 
B4BRYOS FAIL TO DEVELOP? DO NOT PLACE THE EMBRYO IN A PETRI DISH WITHOUT 
PraST ADDING WARM WATER.’ NOTICE TEE SIZE OP THE YQUC TO SEE IP THE EMBRYO 
IS USING ANY OP THE PROTEINS, CARBCHYDRATBS, . OR PATS AS POOD. SELECT CME 
MEMBER OF YOOR CSOOP TO REPORT WHAT YOU OBSERVE. 



Pass out A - 3^* 

work vc3py closely In st^ervislng this activity. Continually ask 
questions and encoumge students to observe other group’s specimen. 

After cooroletion of the activity reas8ert)le for a class discussion. 
Uhing the prepared acetate for A - 26, go over the activity and d^ in 
the changes that have taken place, if some one of the students likes to 
draw and has good results, let him draw the changes on an acetate prior to 

the class discussion. 

During the discussion set the stage for testing proteins, carbohydrates, 
fats# This oaa l>e accoig^lished T)y stressing the need for 
embryo. Use the terms carbohydrates, sugar, starch, proteins, and fats at 

every opportunity. 

TEACHER DIRECTION A - 32 

PROTEINS 



Nhterials for groiqpe of three; 

1. Hard-holled egg (unfertilized) 4. Alcohol burner 

• 2. Nitric acid, concentrated 5* Amnonium hydroxide 

5. Test tube 

fiollowlng test is a standard test for proteins. The ch emi cal 
reaction will give a yellow color. It is lagiortant to remember that Nitric 
acid is DANGEROUS. Note: elways add acid to water when diluting. Let the 
students hard boil the eg^ the day before the activity or before <^ss 
tisia. sure the eggs are hard boiled by boiling them at least 15 minutes , 





mam 



A - 31 

fIVElMY BffiHTO 



Ifoterlali for groogpt of throe: 

1. Age 

2. fbroepe • 

SeiJioore ' 

km Bstrl dish 



5# k paper toveXe 

6, Luke tiaxm vater 

7, Ruler 

8, ^ ml beaker 



0 



Tour eg0i hwre been In the ineixbetor Ibr flTe daps. Wat do you . 
hen bippenedt la the heart beatlngt la the eiAryo eating fbod.T Is 

the yolk any anallert Mse a look and aeei 

CSMCk the “ fff f 0ent3jr <® le*8® leBor# all of the eheU you 

can heitore heeaUag the *i*iane. After rewwlng the shell, cut the neArane 

^th your, aolaaw ana pour the egg toto n petri dish that contains uam 
i«tar. ihe i^«* aater irtU prarent the. cooling of the eeibtyo too fa^^ 

vUl prolong the life of the eahryo for examination. 

to uoik o»er the paper tanais and petrl toh at all tines. 

Wke a dzaslng of ths egg end Ihbri. the parte ae you did In the last 
eetlTt^, A - 30. B««n ensuer the qpestlcne at the end of the activity, 
one Mt>er of your gtoi® to report idiot you ohserve. 

Meka your draalng and ldi)el the porta heree- 
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A - 51 



Beige 2 

Ansifor the folXowlng questions: 

^ 1 , What Is the teBjperature of the vater in the — 

2t Hov naBQT tlines ea<^ minute Is the heart heatlngf^^ , ■ 1.— 

•• 3. M the te»®erature of the vater 8 <»b down, what h^Er«» to the rate 

- of beast heat? 

' 

J^, Bov vould an increase In the ten®erature of the vater affect the rate 
of heart beat? 

e 

« 

5, IfaMiire the einbxyo« Hov long Is It? — I nchesa 

6a Were the eyes starting to forva 
^D¥ can you tell? 

D ■ 

7,. you see any blood vessels? — 

Where are they located? 

# * 

8. Is the eaibryo alive? 

Bov can you tell? 

9, Beoord the following Infoinatloh. 

- a* Tengperature In the _ 

b. Ihfflfcer of eggs opened today by your group. 

c. ihte / I 

d. Do you your eggs are developing as they should? , 

Htow can you tell? 
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ICeaeher direction A - 32 (continued) 

A fHOEBDt IS A CHiMIOAI. SUBSTARCE THAT OAH BE DSHD FOR FOOD. THE LACK 
PPffPlgBS m YCOR Wmt. CAUSE KEAm. SO THE YO0H6 CHIOKEIf 
ffianv n MOST HAVE PHOTBDt. I®'S TEST FOR PROTEDIS aKD SEE IF THE K» E(^ 

i FBOTEiaS ERB8EHT. !®>S <K> OVER THE DIBBOTICHS FOR A-32 WOBIBER. HE ARE 

" fflvnyi TO TTSB ROBCBHTRAIED HITBIC acid AHD it is BAHCSRCOS. IFIOtJOTTAlK 

(W TOO, mt ME dwediaxeltI too mostmjse Exniaffi CAOTIC®. THEAODHILL 
■■ .mB THgTHDCIOR’S PE« AT ALL IIllES AHD CMLY BE B5ED BHDER TEACHER 

BUtBcncK. . 

Pass out A - 32. * . 4. 4. 

Bead the directions vith the students. Make sure t^y know ® 

S^c acid ie to te added to soiae chips of egg >*lte to 
ejqpect. Two aiL or nxxric acia j* w -hiirncr It should turn yellow. 

Uttle'of a-oniun lordro^e and vatcb the ^n«»r 

turn to an orange color. 

If the students get any of the acid (m their skin, it vUl turn ^ow 

if tne suuofiiree +v,ga^,. sVln Wash the hanas in water with 

Indicating they have protein in their sKin. waen 

soap a The yellow spots will wear off# 

After the students 

reassemble for ^^a th^ heat relationship in 

and.ansver any cheniioSs. Also jaenticai that cheidcal 

and^hj^^adds extra heat from vhlch the orgsnls* 

use for energy. 

Allow the students to ohsenre eggs in the inaibator each day. 

TEACHER PIRBCTICIf A - 53 

GAKBOHYDRATBS 



Materials for groups of three; 

1, Test tiibe 

2. Alcohol turner 
5. Karo syrup 
4. Piece of potato 

carbohydrates, lite ^ 

A w^U halanced diet requires ^rt^ydrjtes. The are jr 

good results can he anticipated. The tests are as follows. 

SUGAR 



5. Piece of tread 

6. Benedict’s solution 

7. Iodine (diluted with alcohol} 

8. Scalpel 



Benedict’s solution + Ksro syrup (sugar) + Heat 
solution + Bread or Potato (starch) 



Copper color 
Beep Purple Color 
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A - 352 
PRO'^KDIS 



Materials for groups of three: 



0 



m 



1. Hard-holled egg 



K Alcohol burner 



2. Bitrlc acid, oonoentrated, (HHO,) % toBoulum hydroxide (BHi^OE) 



5 . 



Test tube 



' The test for protein is a siiople test. Proteins are large molecules 
that are found In every living organism. OrganisitiS have different quantitxes 
of proteins hut they all have proteins. Scientists believe that the energy 
and the abilities of people are. based on the proteins within their bioloixical 
systenu. Certainly, much has been and is being done to investigate these 
relationships. It is certain, however, that the lack of certain proteins 
neiy cause illness or death. 

The following test is just one of the many tests for proteins. If 
you are Interested in other tests, a good book for reference is A go^cebo ok 
for Biological Science by Bvelyn, Morholt, Paul F. Brandwein, and Alexander 
Joseph, published by Hai'court, Brace, and Vorld. Your library should 
contain this book. Look in the Index under ‘‘Protein Tests” to find the 

page nuBiber where the tests are^ocated. 

The fbllowing test is to be performed on the white of an egg that has 
been hard boiled. Hemove several small pieces of the albumin and place them 
la a test tube. Then add a small, quantity of nitric acid to the test tube. 
After adding the acid, light the alcohol burner and heat the contents of 
the tube verj slowly by moving the test tube back and forth tbrou^i the 
flame. Always remeniber to point the mouth of "the test tube away from 
yourself and your partner. If p.roteins arc present, a yellow color will 
appear. on the albumin. After the yellow color appears, lot the test t\xbe 

cool and add a little ammonium hydroxide. 

A reaction may be written for this experiment: 



mtrio acid + Protein 



Yellow color 



Antoonim hydroxide 



Orange color 
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Vhea yoi. burre finiehsd the e:®eriaent, answer the foUowJi« queetlonB. 

Ic l8 proueln pi*e66Ct't in "blJ© aXl)u>Bin»^^ „ .. 

How do you Imow? 

2 . Wiy is heat needed to eanse the reaction of proteins and nitric aeld? 
5. DoJyou t hiah the chicken enbryo usea some of the albumin for food? 



Do you thlnfc the -t?hite of an egg Is good in your diet? 
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Teacher direction A - 55 (continued) 



A com starch aai 

WAT THREE FOODS HAVE W TAKTO AEOWK (Etotetos, carhohyamtes and 
fetsl WHAT IS THE TEST FOR HWEEDB? Mscussion, review test. MI'S 
CAEBOHafflATES. OAHBOHIDSATES ABE DWD® 

ahd siabchs. both abb SCOHCES W H0»3T. 

».ere IS danAcr 

llherauy and nasedlately. 

Bass out A - 53« 

let the students read the directions and work 
aaong^te correctlhe technKiueB and asking (Jhestians. 

A«er the students ^Lise, 

«rir^-heS incubator'snd the reactivity of the cheaicals. 

^ KE SOHEmHO, WHAT WOOID HAPm IF lOD 

aKtai It would turn purple and prove starch was presen ‘ 

IF VOO SPHI® BEJJEDICT'S S(SOT0« OH lODR HAHDt Hcthlng, heat 

OHIOORABin It would turn yellow proving proteins were present. 

Ih* next test wiU he for fats. Tto test Is very drsnstic, hut 
extra tlsie can he used wisely In preparing • 

teacher DIRICTIffll A - Jd 

FATS 



1|., Carton tetrachloride (CClj^) 

5 , Haxriburger neat 

6 . Ilye dropper 



Materials for groups of three: 

1, Olive oil 

2. White paper towel 
5 , Test tube 

This Sll^t !Srt,11«dr^teg 

papsi towel that to ^ hi peruanent^er drying. 

viU also cause a translucent xt,!- factor* and a drying period 

Se students should he wS rei^e drying 

allowed. TOing 9»»11 q,uantltias of the toou Bsas^ 

tine* 








' 1 1 ni,i I IP .^1 IJilJIliiJp 

mmmmmmmmmmm 



120 



A - 53 

CAKBOHyDRATES 



Materials for groups of three: 

1. Test tube 

2. Alcohol ■burner 

3. Karo syrup 

- U. Piece of potato 



5, Piece of bread 

6, Benedict’s solution 

7, Iodine solution 

8, Sccilpel 



we are oonsiderlr« three tasic food sutstanoes, called protelM, ^ 

1- A ^o+fl wp knov v»ow to test for protein, so now -et & 
carbohydrates, and fats. W- Kn v - inio two 

conaider the test for oarbohydratea . Carbohydrates are divided Into tao 
groups called sugars aad starches. I«fs consider eaoh separately. 

Test for sugar , , 

' ^in some .K^ro syrup from your instructor in a test tube. 

drops of Benedict's solution to the syrup. Is there a re»c ’ 

the syrup and Benedict's solution over the telt 



test tube in and out of the flame very slo>dy. Bemenbcr to seep tb 



tube pointed away from yourself and your partner, tou viU see a very 

definite color change. . 

Vbivb color did the mixture .tuxn?^ 

Was heat np.nded? — 



Wliat does the heat do?^ 



mt color is the Benedict’s solution? 

DO you believe copper is in tbe Benedict >s solution?. 



Bhy? 



y 



t: 



Q 



me 



Ttest for etaro h scalpe** and -clace it on a paper 

Reniove a cmll piece of potato vi.. a scalpc.. ano . 

tt j a ' A oiiii-Mnn fl'^xt. place a small piece of o*eaci 
towel. Add one drop of iodine solution. H- , P 

. What color did the potato tviru?_^ 



What color is the iodine solution? 



WhCjr? 



If no starch was present, what color would y~ eapect?_ 

If you had toast, pancake.,, ar d eggs for hreakfast, would you have starch, 
sugar, and proteins? How do you know? 

you Clean up your laboratory, ..ike a-ure aU of the iodine Is rersrred 
from the table. If y> ' «dnnot wipe It up, alcohol wai remove it. 



HJeacher directions 



A * 3 ^- (continued) 



WE MVE TES'i!ED 'FOE T^O 01' I'HE 'X'liEEK FOODS WE HAVE TAI.-KED ABOUT -- 



EBOTEINS AKD CAIBOHIDEATES. li^HAT IS THE W>T FOR PHOrEIN? (Discussion) 
WHAT IS TEE TEST lOH SUGAR? (Di«ctaSGlo>i) v^AT IS TEE I’EST FOB STARCH? 
(Discussion) HOW, XJS£*B TEST FOR FAT. THE TEST FOE FAT IS TO PUT AN 
UNKNOWN MATERIAL V^HITE ABSOHBANT PAPER AND ALLOW IT TO Diil. IF AFTER 
DRXING, A TRANSLUCENT SPOT RSS4AINS THROCJGH UETCE YOU CAN SEE MORE LIGIE? 



PASSING THROUGH, THEN FAT IS PRESENT. 'B' THE SPOT GOES AWAY WKEN IT IS 
DRY, THEN FAT IS NOT PaRlENT. (Discussion) 



Pass out A - 5^ 

There are really 'two tests. One is ,1ust placing olive oil oa a paper 
towel, wait 10 minutes, then look ab the spot. The second test is to -use 
a solvent to remove the fat, carhon tetrachloride, and then testing the 
mixture. Tl-e carton tetracblortie will evaporate leaving a transBicent 
spot of fat on the paper. 

YOU HAVE 2ESS GIVIST BIS ACTrvITY TO DETESmiE IF FAT IS PRESEfR.'. TEERi;; 
ARE TWO TIPES OF FATS, CA.TURATED FATS t.’TlCH ARE SOLID AND POLY~ONSATURATED 
FATS WHICTI AKS OILS, OR I=IQ;UIDS. Discr*ssion. YOU ARE TO TEST FOR BO'Jli. 
FOLLOW IHE DIRECTTONS CLOSFTLY. (Diecu^sion) Tell the students to read 
the directions and proceed to test for lats. 

After t.he students cop^lete the activit-y, roassemhle for* a class 
dl'^cussion. Discuss the results of the ’Gcsts for fate. Tho eggs are to 
he" opened the followBig day and the students will he testlr,:; the eggs for 
pi’Oteinc, caroohydrates , and fats. 

If some students finish ear-ly, they can hegiri preparing for A - 55* 

A13. of the specimen jars should "be checked and fo'rifcaldenyde prepared for 
use. Also, the specimen jars will he awiled with paraffin. A lactal coffee 
can a hot plate can ”be used. Have the coffee can half full of water 
and chip about one'-'raif a bar of paraffii'x into the water. The lids of the 
speeijnen bottles wii.l be seaicd by dipping oho lid and a sraall portion of 
the bottle :hi the ps^raf fin-water. 

It wll'i. be advantageous to use studeiit help in preparing for the future 
laboratory activities with the ebdek embsTyo. BSCS Pat terns end Proce^s^ 
is a good reference for the -beacher but not lauch hcj.p for the student, 

BSCS Inquiry into Life (yellow version) 1& a t;ood technical reference for 
enibryology* Knovriedge concerning eirlryoi-ogjr wiil enable the teacher to 
stimulate interest ;b'. roading as velJ as qvif-.jitacr.i.ijag. A most uGoftii 
rn-fftrencs is A Gourcebook for Biolog'.ical Science by Morho?tt, Brandwein, 

OToseph, published by riarcoitrii., brace;,, and Vor-..a. 



SIU0BfT 



4V 



A -34 
FAXS 

IbteriaXs fbr groups of tbrea: 

1« Odlve oil 
2. White paper towel 
3« Test tiibe 







4. Heidiurger neat 
3 , Caxhon tatraeiaori4e 
6. dropper 



o 

ERIC 



This i» the final teat for the three floods we are eooaidering* Ihta 
are realij dirlded Into two grocqpe; the olU whiOh are called pdlonmaajf^ted 
fata and the acdite which are called saturated fata, lat neat ia a aO^ 
and ia called a saturated fat. Olife oU ia a Uqpld and is called a 
pol^jfunaaturated fat. ®ia oniy difference in the obeaicaX content la the 
aaount of l^drogen present. Bsr the addition of ^pdrogen, unaaturated fats 
heooan solida auCh aa coohiwg fats and aarga rln e. Many people ere interested 
in these two tppea of fats due to heart conditioos. | 

Firsts you will find how to teat for oUa and fata hy placing aoaa 
olive oil on a paper towel. It foma a tsranaluoent apot throuid^ which 
li^ reedllF pasaes. If the oliwe oil contains water, a waiting period 
will have to be oheerwed for the water to evaporate. 

ITuRiber the comera of tha towel from one to four. 2h the comer nuribere* 
one, place one drop of olive oil. Hk the comer nuirtiered two, place a drop 
of water. After placing the drops on the paper towel, lay the towel down 
on tha table, unfolded, and with the niahera up. This ia to allow the \ 



water to evaporate. 

While you are watting for the water to evaporate you can begin the 
second* teat for an unaaturated fat. Flece a sm a ll piece of taahburger meat 
in a teat tObe. Add ten drops of carbon tetrachloride. Hwove the hamburger 
from the teat t^be with your pencil. Four a law drops of the remaining llgpl 



on tha paper towal in comer number three. 

Teat peanut butter or crushed- peanuts for fata in tha aaiiia manner,' and 

• • ... 

place the liwjuid on comer nuPbar four. 

All of the comera of the paper towel should have a drop of sonathing 
on th**T"r If lat ia present, a translucent spot can be .readily soan whan 
you hold the towel up to the light. 




A - 
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{XfOBOIS 

2* 






Do yoa bave flat in tbe foUouiog places? 

0!&S1S TOR TATS 



Comer Runiber 
Okie (OllTe oil) 


comer Auiiber 
Two (Rater) 


• 

Comer IRodber 

« 

Three (Budburger) 


» 

Comer ]hnS>er 
TOur ^Peanut) 


Tes R> 


Yes H6 


Tes H6 


Yes BO 


Sow do you tell? 

• 


PR 

s 

1 ■ 


ou tell? 


Bow do you tell? 


• 

Bow do you tell? 

} c > 

J 


iDdleate in the ti 
vhlte of an egg for thi 


ible helov boir you can test a food svibstaaee like the 
[ presence of protein^ fat^ sugar and starch* 


FOOD SOBSIEMICiB 


TBffSm 


’BOUm (s) 


WHftT.IODDO 


RESUDT IT HQSSJBT 


Protein 




i 


• 




Tat 


' 


* 




Dtareb 


✓ » 






Sugar (Karo) 
» *» 


• 







J SJ ■ 

hERLCi 



I' 

WL 



Uj’lliffilfflirriTljiU 



• .■■, '■ ■ :. ■ ■ 'y ■'■■[•■ \K ■■■ 



■wmmwwimhhM 



SEMCHER DlEESn^W 



A - 55 

irniE MTEMBHXO 



IfBiteriaXs tor groups of three: 
1» Potrl dish 
2. Scissors 
5* k paper towels 
4. TOresps 



5. Ruler 

o. Lidw earn uster 

7. 1 speciaeii hottle 

8. 250 aS. beaker 



/ 

!Elis developswnt of the eibryo trill be extiSnslTe* Host of the body 
trill be fOnwd and aany blood vessels trill be in evidence* !Ihe students 
trill have no trotible in recognising the blood* A Mdrrane holding tiaste 
aaterial^ the ainntois can be seen* Ihe aanion^ a nsBjbrane covering 

the e a fery o^ trill also be readily visible* Ib not use these terns as th^ 
trill only detract ffon the i^faysical pbenonanon being stressed* V^e 

e^ n hn referred to as the nedbraae covering the eshryo (annictt/^ 
and the (aXantois) as the neaibxane foming the septic tank* Another easily 
observable structure is the tube attached to the stosach of the esibryo 

to the yoUc of the egg* Ibis Is eqiaivalent to the tsdrilioal cord 
in the hunan* !Rie point of attaeheent corresponds to the navel in the 
fannan* 



TODAT ¥B Onor AlOiEBBR SQQ« TS BAS BBBI 9 BAIS SIHCB USOBASKBI 



S!QUaaeB)*. ins IROCBXnB VICL BB IHE SANB as before* RSHaCER lO CRACK lEBB 
y^umi pgD Of •fSE BOS CBBRDT^ avnai pgSL IHB SHELL ABAT LEAVIIQ ORLI IHE 
li ffiniann- BoiOPP AS IOCS OP IBB 8BELL AS POSSIBLE BEIORB 



aflBRID XKEO IBB BAHH BA3SI IH IBS PETRI BJSB* AS BEFORE, 100 ABB PO MAKB 



A DBEHIBG AID PBB BABIES* (Dlscuseion) WBEB MEISSRIH6 IBB BMBRZO, 
AT/pti n>K$ nsac op toe MHIO* OBXS IIIQS lOU 8BQOE2) ^ 

A Mff W W It COVBRIBB 5BE IBfiRlO (AMHIOV) ABD A SEPTIC TASK (ALABTOXS)* I BBS 
100 CARROT HBB TBB 8BPT10 T« 



The students ere to obtain specinen bottles to preserve the hotter . 
speotasns* It viU be obvious that sons are not good speciaens and should 
be discarded* Ndce sure the studenta label the Jaxa properly giving 
student nasas, stage of develrqpaant, date of cpming^ and the title 
"Chicken aa S bryo"* A lOjfc fomaldehyde solution (fomslin) or alcohol aay 
he used as the preservative* It is recounended that a collection of the 
eokryos at different stages be lade and conpared to show hov the eakryo 
develops* 



Pass out A • 55 

The students are to begin ranoving the shell and place the contents 
of the egg into a jpetri dish containing iTiks wam water* It will take Host 
of the period to draw and label the contents of the egg* As the students 
are working, pass among the groups asking qjueations* 

‘ ' •* 4 

After coopleting the activity, make sure the specinen bottles are 
properly sealed* All spillage should be cleaned well* The contents of 
the eggs should be discarded* 
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Teacher dlreetloa A - 35 (continued) 



If soms of the students wit to oaks an acetate, let them drair a 
picture of their Msults, then use this acetate to lead a 
If the students do not make an acetate, use the prepared abetate* Discuss 
the eahryonic derelopnent. Point out that food for the ealbx^ 
albumin and the yolk. Therefore, the qiaahtity of albumin and yo^ to 
reduced. Air is diffused in and out of the egg throufi^i and the 

meidirane next to the sheU. Also stress the protein, carbohydrate, and 

fat relation as food. 



XBACEBR DIRECnOR 



A - 36 



GAL0BXB3 



Materials for groups of three; 

1. anaU tin can 

2. Cork 



3. Pin 



The term calorie is widely used, hut few understand its Importance. 
People on diets are generally "caloric counters" and use thto M a hasto 
for determining what to eat. This activity, will show some of the asjpects 
Mws measurements of ccd.orles. A calorie is the amount of beat- retired 
to raise the temperature of one gram of water one degree eentlgrato. A 
large Calorie to the amount of heat required to raise the tempenture of 
a liter of eater one degree centigrade. Diets ore measur^ In 
Calories. An adnlt needs from 2000 to 3OOO Calories per day. Both units 
are measures of heat energy. 1 C « lOOOC. 

accurate due to heat loss to the atmosphere, hut the ides of heat energy 
and heat content can he shown. 



The students should bring in smsll tin cans the day before you begin 
thto aetlwity. This procedure requires that the students cub an upslto- 
down **▼" in the side of the can that has one end cut out. The 
the *V" should be large enou^ to slide a coik In and out of the cw with- 
out touching the side. A hole should be cut in the top of the cw the, site 
of a test ti*e. Then small air holes should be randomly made In the tc^ 

of the can. 



students will meemurs the calories of hast energy releas^ then 
.ywiiyn sallies of food are burned beneath a test tube containing 10 grans 

(milliliters) of water. 




nut 



Fin 



Cork 





TB3TTCBE 



Water 
10 mis. 






3 



mi 









1 






ffsfjmn: 



A - 35 



9 MY mSBCiO . 



MaterialU for groups of tbree 

1. Petri dish 

2. Scissors 

/ 

. 3* k paper towels 
!{•• Forceps 



6» . lAdLC varm nater 
^pecineDL bottle 
8« 250 nl beaker 



3* Biiler. 



Your egg bas now been In the incubator for nine ^t do yoa 

think has happened? Can you predict what you e:q?ect to see when you renowe 
the shell? Will the heart be beating faster or slower than in the fiwe 
day old enibpyo? Will the asount of yolk and albujain be the sane as before^ 
or will it be less? Let’s find out by opening the egg as you did in the 
five day old embryo. 

Crack the egg gently on the large end and remove all of the shell you 
can before breaking the menibrane. After removing the shelly cut the 
nenibrane with your scissors and pour the contents of the egg into a 
petri dish that contains luke warm water. The warm water will prevent 
the rapid cooling of the enlbryo and prolong the life of the enibryo. 
Remeniber to work over the paper towels and petri dish at all times. 

m fpirft a drawizig of the egg and label the parts as you did liefwpe. 

A comparison with your last drawing will be a surprising event. Many 
changes will be noticeable. Make your drawings and label the parts 

below. 

Select one meniber of your group to report your observations. 
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Teacher direction A - 5^ (continued) 

A prepared acetate is usieCul in demonstrating the procedure. This 
activity vill only he concerned with the preparation of the can to act as 
a calorimeter. BSCfJ Patterns and Processes is very good reference for 
students as well as teachers. The can m'ost iiave air holes at the top or 
bumlrg of the nuts will not he complete. The triangle at the bottom serves 
two purposes, to allow an air draft and ease of inserting the cork and 
burning nut. If the nut does not hui'a until charred, it is an indication 
that the air draft is not sufficient. 

m HAVE TAIKED AT LENGTH CONCERNING HPAT AND FOOD. THE HEAT OF THE 
BODY AND THE ClffiMCCAL REACTIONS THAT 'lAKE PLACE ARE VITAL IN MAINTAININa 
LUfTS. SCOTiaSTS USB A TERM TO EXPLAIN THE FOOD AND HEAT REIiATIORSHIP. 

IT IS CALLED A CALORIE. HOW MANY OP YOU HAVE HEARD THE WORD CALORIE? The 
students should have heard of I'ow calorie food like Metrecal, Sego, etc. 

Low calorie bottled drinks are also on the market such as Tab, Frescsj eto* 
Alcoholic beverages are high in calories.' HOW DO SCIENTISIPS DETERMINE HOW 
MANY CAIORIES ARE IN DIFFERENT KINDS OF POODS? Do not expect students to 
know the answer. Heat energy is the key concept to he concerned with 
regarding calories. SCIEt4TISTS DEFINE A CALORIE AS THE AMOUNT OF HEAT 
REQUIRED TO RAISE THE TM*1PERATURE OP ONE GRAM OF VXATBR ONE DEGOT CENTIGRADE. 
THESE CALORIE UNITS ARB JUST l/lOOO THE SIZE OP THE POOD CALORIES USED IN 
MEASURING HUMAN DIETS. Discussion, One gram of water occupies a voliime 
of one milliliter. HOW WOULD YOU MEASURE OR "COUNT" CALORIES? Discussion. 
WHAT MATERIALS WOULD YOU NEED TO G/kRRY OUT THIS EXPERIMENT? Thermometer, 
test tube, heat emitted from the material in question, and water, OUR NEXT 
ACTIVm IS A WAY TO MEASURE CALORIES. WE ARE GOING TO USE TIN CANS, TEST 
TUBES AND CORKS TO I^ASURE THE CALORIES IN A PECAN AND A PEANUT. 

Pass out A - 56 . 

THIS ACTIVlTy IS DIVIDED INTO TWO PARTS: PREPARING THE CAN TO BE USED 
AS A CALORX?OTER, Al® THEN ACTUAILY DETERMINING THE CALORIES BY RECORDING 
temperature changes in water, it is important that we follow DIRECTIONS 
ACCURATELY. 

Place the prepared acetate on the overhead projector. It will be 
important to explain each step to the students. The preparation of the can 
is required to prevent excessive loss of heat, A needle is pushed through 
a cork with the, point extending above the top of the cork as shown on the 
acetate. A small piece of a nut, approximately l/k of 1/2 of the meat of 
the nut, is placed on the needle point. The nut is to be ignited with a 
match and placed under the can through the "v” shaped opening. The hole 
cut In the top of the can should he the size of the test tube. A good 
way to make this opening is to out an ”x" in the top, then push the test tube 
through the opening until it is about l/4 inch above the nut on the cork. 



Teacher direction 



A - 36 (continued) 



The steps to follow are: | 

1, Cut out one end of tho can, } 

2 , Cut a "v” out of the side of the can large enough for the cork | 

and nut to pass through, | 

3 , Push a pin or needle thi’ough a cork, 

4, Cut an 'V* in top of the can and insert the test tube, | 

5 , Punch several ho 3 .es at 3 ?andoia in top of the can with a sliarp ob« 1 ect, ,j 

Leave the ‘crepared acetate on the overhead projector while the students | 

prepare their cans. Explain the terms calorimeter and milliliter but do not | 

go into great detail. An understanding will be obtained through the use | 

of the calorimeter and the graduated cylinder. Check the preparation of | 

each can. ] 

After completion of the cans, store them for the next. day. 

TEACHER DIRECTION A - 37 1 

I 

CALORIE COUNTING 1 



Materials for groups of three: 

1, Calorimeter and cork 5? Matches 

2 , 1/2 pecan 6 - Tes* 

3 , 1/2 peanut T. Graduated cylinder 

4, Thermometer 

TODAY WB WILL DETERMINE THE CALORIES IN A PEANUT AND IN A PECAN. 
REMEMBER THAT A CALORIE IS THE AMOUNT OP HEAT REQUIRED TO RAISE THE TEMPERA* 
'fURE OP ONE GRAM OP WATER ONE DEGREE CENTIGRADE. WE SHALL MEASURE THE HEAT 
ENERGY IN SMALL CALORIES. IT WOULD TAKE 1,000 OP THESE CALORIES TO EQUAL 
ONE CALORIE USED IN PLANNMG HUMAN DIETS. READ THE DIRECTIONS CAREFULLY. 
BEFORE YOU BEGIN, LET’S CONSIDER SOME OP THE IMPORTANT ASPECTS OP THIS 

ACTIVTfY, THE STEPS TO FOLLOW ARE: 

1, MAKE SURE YOU YOUR CAN AND THE CORK YOU ASSEMBLED YESTERDAY, 

' 2. MAKE SURE YOUR TEST TUBE IS l/2 INCH .ABOVE THE POINT OP THE PEN. 

5, MAKE SURE THE NUT IS ATTACHED TO THE POINT OP THE PIN SECURELY 
BEFORE IGNITING, 

4, RECORD TBE TEMPERATURE OP TfiE WATER BEFORE IGNITING THE NUT. 

5, MEASURE TEN MILLILITERS OP WATER AND POUR 3T INTO Tpi TEST TUBE 
BSPO!® TAKING. THE TEMPERATURE OF THE WATER, 

YOUR ACTIVlTy DIRECTIONS GIVE YOU STEP-BY-STEP DIRECTIONS, POLLOIT 
THEM VERY CLOSELY AND RECORD THE DATA RBQUESTiSD, 

Pass out A - 37» 

After coii^letion of the activity reassemble for a class discussion. 
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Your tin can vUl serve a very good purpoao In determining the 
amount of calories in a peanut and a pecan. Before you can determine 
the calories you must prepare the can. Tn this activity you are to 
prepare the can to he a calorimeter and then determine the calories 
in the next experiment. 

A prepared acetate vill give you a diagram to go hy. Follow 
directions very closely and do not get cut hy^the sharp edges. 

It is important that you plan exactly what you are going to do 
^ this activity. You are trying to find out how much heat energy is 
given off hy a pecan and a peanut vhen it is burned* The tin can will 
help trap this heat energy and the water to he placed in the test tube 
will absorb the heat. absorbed heat then can be measured by a 
thermometer. It will be important to ignite the nuts with a match then 
very quickly push the nut in the can. 

Questions of inportauce are: 

1* Is the "V" cut in the bottom of the can large enough for the 
cork to pass through easily by sliding the cork? 

2. ^ the bottom cut out of the can? 

5* Does the test tube fit into the top of the can? 

* 4 * Is the test tube about l/2 inch above the point of the needle? 

^* Are there enough holes in the top of the can? 

6* How much Is 10 ml of water? 
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Teacher direction A - 57 (continued) 

At this point it will he necessary to attempt to tie all of the material 
together. The following activities will consider digestion and it is important 
that a good understanding of heat^ proteins^ fats^ and carbohydrates be 
exhibited by the students. The immediate problem of discussing calories 
should lead into the understanding of digestion. The chemical reactions of 
biology are the sources of heat and are therefore directly related to the 
chemical substances of proteins^ carbohydrates^ and fats. 



Use the prepared acetate and discuss the findings. There will he 
variations in the results. This will he obvious in the discussion. Eaplaln 
these variations through class discussion of the procedure. If an extremely 
hlc^ reading is reported^ it will probably be due to the cork catching on 
fire or reading the wrong scale on the thermometer. Some of the reasojis' for 
the wide variation in results will he: 

1. loss of heat through the tin can. 

2* loss of heat while lighting the nut before It is placed in the can. 

5* Inaccuracy in reading the thennometer (must be centigrade) 

4. ^haccuracy in measuring the quantity of water. 

5. Cork catching on fire. 

6. The number of holes in the can permits the heat to escape too 
rapidly. 

7. hut going out before coirpletely burning. 

8. Not using same size piece of nut. 

After discussing these aspects^ discuss the idea that the body develops 
heat energy by chemical processes and therefore maintains its temperature 
of which is most favorable for maintaining the proper chemical 

activity for life. 



TEACHER DIRECTION 



A - 38 

BODY MOVEMENT AND T 






^TURB 



Materials for groups of three: 

Ice 3 , Thermometer 

2 . Large heaker, 600 ml 

% 

This activity should demonstrate the relation of very cold water and 
the functions of the body. It is obvious that placing one's hand in cold 
water causes something to happen that is uncomfortable. The heat energy 
transfer will be from the body into the foreign medium if the medium is 
colder than the body. This activity should demonstrate this idea. 



WE HAVE DISCUSSED AND INVESTIGATED HEAT AND HOW TO DETEBNINE CALORIES. 
LET'S NOW LOCK AT WHAT HAPPENS WHEN WE ARE PLACED IN A VERY COLD SITUATION. 
WHAT WOULD YOUR BODY DO TO MAINTAIN ITS NORMAL TEMPERATURE? React in ways 
that tend to conserve its heat energy. List all responses on the overhead 
projector. LET'S EOT) OUT WHAT YOUR HAND WOULD DO IP PLACED IN A FREEZING 
CONDITION. BY THE VAY^ AT WHAT TEMPERATURE DOES WATEIR EREEZE? 



o 

eric; 








STUDENT 



A - 57 



GALOHIE COUD]TlNa 



Materials for groups of three: 

1. Calorimeter and cork 

2 . ^ 1/2 pecan 
5 . 1/2 peanut 



5. Matches 

6 . Test tube 

7. Graduated cylinder 



4. Thermometer 

Remember that a calorie is the amount of heat energy required to 
raise the temperature of one gram of iiater one degree centigrade. 

Follow the directions very closely. After each step^ record the 
data in the table if there is a space provided t'* vrite it. 

1. Place the calorimeter upright. Insert the test thbe and adjust 
it so that the tube is I /2 Inch above the point, of the pin. 

2. Obtain 10 ml of water and pour it into the test tube. 

5 . Break the pecan into four pieces and place one piece on the 
needle. 

4. Record the temperature of the water in the test tube. 

5 . Ignite the nut and Immediately push it through the opening in 
the can directly under the test tube. 

6 . Reco 3 ?d the temperature of the water immediately when the fire 



Repeat these same steps for determining the calories In a peanut. 
Try to obtain a piece of the peanut the same size as the piece of pecan 
used the first time. Record the data in the table on the next page. 



goes out 
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STUDENT 
Page 2 



A - 37 
Data Sheet 



FBCM 



PEANUT 



Temperature of vater 
before lighting the 
pecan 



Tenperatiu:a of \iater 
after the pecan quits 
burning ^ 

Difference in temp. 



Teiaperature of vater 
before lighting the 
peanut 

Tesperature of vater 






after the peanut quits 
burning ^ 



Difference in tenp* 



y 

®C 



Divide the difference in temperature by 10 because there are 10 ml vater. 

s calories 



PECiAN: 



Difference in temperature 
10 



psAmn*: 



Difference In temperature 
10 



calories 



Vhlch nut has the most calories? 
How can you tell? 



Did the vater boil?^ 
your results? 



If it did, vhat effect vould this have on 



Did the cork catch on fire? 



Vould this effect your results?^ 



Hov vould this '‘affect your results? 



List several vays that you can make this activity more accurate* 













A I . 






Teacher direction 
Base out A « 3d* 



A • 3d (continued) 



13 ^ 



/ 



Itolng a j^epared. acetate^ discuss the procedure and instruct the 
students to begin vorh ioBiiedlately* 

The students are to place ice in a heahar. half filled with uater. 

The ice Is to he placed in the heaker and stirred vlth a themoneter until 
the tea^rature reaches about 3i2^F^ then remore the ice. The first activity 
is to stibnerge a hand without novl^ It for two minutes. At 30 second 
Intervals^ students are to record the temperature of the water. Starting 
with the same amount of water at 32*P^ the second actiwlty reqmlres the 
students to move their hands by openi^ and closing their fingers for two 
minutes while in the water^ then recojrd the tenperature of the water ae 
before. It will be obvious that more heat exehenge will take place when 
moving the hand. 

The data sheet asks that each meidber determine the heat exchange^ then 
determine the average for their group. The students msy need some help in 
calculating the average. 

After cQBpletlng the activity^ reaasenibl^ for Class discussion. 

Tkiing the prepared acetate, calculate a clasa average and point out the 
dlfferencaa In teng^ature variation with regard to movement. It will 
also be a good Idea to compare hand slses and tenperature differences. 

Many other claaa activities could be developed using different 
materials as well as differing medlaa. if time permits, students may 
devise other esperlnects and try them out. 

TEACHER DIRECnOH A • 39 

8HTEBN Qftl BffiRXO 

Materials for groups of three: 

1. Petri dish 

2. Scissors 
. forceps 
• ^ paper towela 

The methods are the same as used for the five-day enibryo. The same 
prepired acetate can be used. The enibryo will show a great deal of 
development. Ihe students should be able to see that the enibryo is looking 
more like a chidken. Directions should not be extensive. Mach time can 
be used in individual attention. 

Pass out A - 39* 

Beasse)M)le for discussion altar the completion of the activity. Thla 
Is an excellent time for testing understandi^. Do not test until understandlr 
Is accompllshWl. 



3* Ruler 

6. Luke warm water 
7* Slpeeimen bottles 



I 
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smms A • 38 

BODY MOVEMENT ASD TEMPERATURE 

Miaterials for groups of three: 

1. Ice 

Large heaker (6D0 ml) 

3* Tbennoneter 

The Body is really a nagaiflcent machine^ hut It must run at 
a eeribaln tenperature to operate properly* As we have already found out, 
the g hem f fffli reactions give us the necessary heat energy, hut how does 
the hody ’know* to speed or slow down the development of heat energy* 

MiEuay important qjuestions concerning this very isoportant question are now 
Being studied in research lahoratories* Many of the answers still are 
not known* Scientists must take small parts 'of a larger question and 
study t hem individually* Later they put all of the smaller answers together 
in order to answer the larger question* Di this activity we will only look 
at two small parts of the heat energy question* Let’s find out what the 
hand does when placed in ice water* Will the hand give off more heat if 
you move your hand, or will it give off more heat if your hand is not 
moved? You prohahly know the answer, hut can you demonstrate it? 

Till a heedier half fhll of water and place some ice in the heaker* 
Gently stir the water and ice until the temperature reaches about 32®P* 

Then remove the ice and stick your band in the ice water for two minutes* 
Have one of your lah partners record the time* YOU ABE TO KEEP YOUR HAND 
IN THE WATER TOR TWO KDlin^ WITHOUT MOYING IT. Record the data in the 
table on the next page* 
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T6nQpe:rature when the hand la first 
placed In the ice vater 

TeiDperature 2 nlnutes after the hand 
is placed in the ice water 

Tenperature difference 



mmsm bomber owo 

Tenperature when the hand is first 
placed in the ice water 

Tenperattire 2 minutes after the hand 
is placed in the ice water 

Tenperature diffe^nce 



smASBOi HUMBER THREE 
Traperature when the band is first 

placed in the ice water .. ~ ' 

Teinperatare 2 minutes after the hand 

is placed in the ice water ■ '■■■ ' 

Teni^rature difference — ^ 

The data obtained can be more meaningful if you find an average. So 
add all of the temperature differences and find out the average by diyiding 

the total differences by three. 

The average tenperature differences is 



Hemeaiber that this is the tenperature change for no movement of the 
hands. Next find out what the average tenperature difference will be when 
you move your hand. Each student is to move his hand by opening and 
closing his fingers only* 
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STUDEEKD 



A - 39 



SnXEEN DAY iMBRYO 



Materials for groups of three 
1* Petri dish 
2« Scissors 

# 

3* Forceps 



5* Ruler 

6* Luke vam vater 
7* Spoctnen bottles 



2^. k paper towels 

Your egg has now been in the Incubator for l6 days. Vfaat do you think 
has happened? Could you predict what you expect to see when ycu remove 
the shell? Will the heart be beating faster or slower? Will the amount 
of yolk and albumin be the same as before? Let*s find out by opening the 
egg as before and observe the enibryo* 

Crack the egg gently on the large end and remove all of the shell 
you can before breaking the menibrane. Alter removing the shelly cut the 
membrane with your scissors and pour the contents Into a petrl dish 
containing luke warm water* The warm water will prevent rapid cooling 
of the enibryo and prolong its life. Remeniber to work over paper towels 
and the petrl dish at all times. 

Make a drawing of the egg and label the parts as you did before. A 
comparison with your last drawing vUl be a surprising event. Make your 
drawing and label the parts below. 
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STODIST A - 39 

Page 2 

Measure the embryo. How long is it ? 

Are the eyes well formed? 

flflyi you see any feathers? V hat color are they? 

Can you predict what color the (Shicken will he? 

How can you make this prediction? 

Write a short paragraph describing what you see. 



Is the embryo still alive? How can you tell? 



Record the following information: 

1. Temperature of the incubato r — 

2. Nunber of eggs opened in yoia? groop 

3. Date eggs are opened (today) 

If. Do you think the eggs are developing as they should? 

How can you tell? 

5. When do you think ohe chickens will hatch? days 
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mCHER DXRECTICVr 



A - ilO 



NINETEEN BAY EMBRYO 



Materials for groups of three 

1. Petri dish 

2. Scissors 

3. Forceps 



5« Ruler 

6. Luke varm ‘water 
7« Specimen bottle 



k paper tovels 

K 

The dereiopment of the chick will almost be conpleted. The chick •will 
be very veil formed and con 5 >letely fill the shell. Instruct the students to 
proceed as in the previous activities and follow up the activity •with 
discussions as before. 

The eggs, if on schedule, will be hatching In two days. It will be 
necessary to remove the eggs from the paper holdesrs and place them in a 
box in the incubator. The hatching chickens will need a place to walk 
around for several hours after hatching to gain strength and dry out.. 

You and your students will have an extensive amount of preparation and 
p^f^nn^wg to determine how to best handle the newly hatched chicks. 

After the chicks have hatched, the incubator should be thoroughly 
cleaned -with a formalin solution and aired out. 

Ifany activities can be performed after hatching, such as observing 
peck order, eating habits, evidences of imprinting, etc. 

TEACHER DIRECTION A - 4l 



The first S'tage of digestion begins 3n the mouth. ®ie chewing process 
serves "two purposes: (l) to e:gpose more surface area of the food •bo saliva 
and ( 2 ) to aid in swallowing. The first enzyme reaction occurs with the 
contact of the saliva and the food. There is no need to stress enzymes 
or even introduce the term, but if mentioned they can be defined as a 
ohewical that aids in digestion. The actual reactivity of enzymes is very 
Isportant and very complicated. The test will, demonstrate that food is 
changed in the digestive system by chemical reactions and this chemical 
reaction is supported by mechanical means such as chewing. 

WE HAVE TALKED ABOUT THE YOUNG EMBRYO USING PROTEINS, GARBOHXDRATES, AND 
PATS FOR FOOD. LET’S NOW TAKE A LOCK AT THE WAY DIGESTION BEGINS. WHAT IS 
THE FIRST THING THAT HAPPENS WHEN A PERSON TAKES A BIG BITE OF SOMBTHINGt 
Chewing and Introduction of saliva. The students will probably readily 
think of chewing, but not saliva. If they did not mention saliva, then 
suggest that a fluid in the xnouth covers the food. 



BEGINNING OF DIGESTION 



Materials for groups of three: 

1. Bread 

2. Test tubes ( 2 ) 

3* Iodine solution 



If. Benedict solution 
3* Com starch solution (10^) 
6. Alcohol burner 



o 






A ^ 



19 mY EMBRYO 



Materials for groups of three: 
1. Petri dish 
2* Scissors 
5, Jtorceps 



% Ruler 

6. Luke varm vater 
7« l^clnen hottle 



K 4 paper towels 

Your egg has been in the incubator for 19 Says. What do you think 
has happenedt Predict vhat you esq^ct to see when you apemove the shellt 
Will the heart be beating faster or slower? Will the amount of yolk and 
albumin be the same as before? Let’s find out by ppenlng the egg as before 
and observe the enibxyo. 

Crack the egg gently on the large end ai^ remove all of the shell 
you can before breaking the menibrone. After removing the shelly cut the 
msmbraue with your scissors and pour the contents into a petrl dish 
containing luke warm water. The warm water will prevent the cooling of 
the embr/o too fast and will prolong the life. HwBeBiber to work over 
paper towels and the petrl dish at ell times. 

Nske a drawing of the egg and label the parts. A coa^arisott with 
your last drawing will be a surprising event. Make your drawing and 
label the parts below. 






teacher direction A • (continued) 

SCXEItTISiCS BAYS FOUND CHSMICAL mOTZONB BSaiN IN 0!BZ MOUXH. 

IK ACnvro YOU WILL FIND Cm WHAT HAPPENS IN THE MOUTH. WE HAVE 
PREPARED AN UNKNOWN SOIDTION (com starch) THAT HAS ALREADY BEEN CHEM2D 
UP AND READY TO SWALLOW. I WAIW YOU TO FIND OOT WEAT HAPPENS AND T0LL TEE 
CLASS WHAT YOUR OR0OP FINDS. IP WHli BE VERY IMPOREAITP THAT YOU NOT TBCL 
UNTIL W RgJUR N TO THE CLASS DISCUSSION AFTER THE ACTIVIPY. IF ANOTHER 
GROUP WANTS TO KNOW WHAT YOU FIND OUT, DO NOT TELL THEM. 1 WILL GI?B YOU 
TWO CLUES. FIRST, THE IODINE SOLITTION AND THE BENEDICT SOIUTXCir WIIli BE 
THE ONLY CHBWiaALS I WILL GIVE YOU, SO YOU KJ^W YOU MUST TEST FOR STOAR 
OR STARCH. SBCONIHiY, THE SALIVA MUST BE FURNISHED BY A MACHINE. Have 
the students hegin as soon as possible after the clues. Atteopt to he 
somewhat evasive in order to have the students approach the problem 
independently. Be very careful not to ignore the students to the extent 
of preventing them getting started. ^ 

Pass out A - 4l. 

After the students ccuiplete the activity, reassemble for a class 
discusslOfL. Using the overhead pro^e'etor^ develop the first stages of 
instruction. The com starch is rich In starch and iodine will readily 
px’ovc this. The students can spit into a test tiibe containing the starch 
solution and warm It a few tninutes. Sugar will he formed, thus showing 
that starch is changed into sugar in the mouth and is therefore the first 
chemical reaction of digestion. By discussion have the studwts to develop 
the following fomnila. If necessary, write the foxinula on an acetate for 
their discussion. 

Steurch + chewing + saliva • Sugar + saliva 

e 

Some of the saliva is of course swallowed, hut the remaining saliva 
can attack the next bite of food. The bread may also be used if tte 
students wish to puzaue the activity further. 
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S'flJDS«D A - kX 

BEGIiOlIin: ov DIQESIZQN 

Kiterlals for groups of three: 

1. 2 test tubes 

2. Benedict's solution 5* 

3. Iodine solution 

Dhen you eat, a very cosiplicated process begins. Your strong teeth 
tear and nash the food into snail pieces that nakes the food easy to sealloe. 
Other ewn ge also take place. Your nouth contains sallvs that conpletely 
bathes the food as you chew. Wanj' years ago it was found that saliva is 
a chemical substance that acts in digestion. You are to find out i*at thia 
important chemical reaction is between food and saliva. Your instructor 
will give you an unknown solution and you are to find out what happens 
when it comes into contact with saliva. Do nit drink this solution, but 

US© 'tcs’fc t»v!b6s "to ‘tss'b *bli6 rGftC’fcion* 

The activity vlU "be in two parts. The first part is to determine 

if the solution Is a starch or sugar solution. The second part is to 
determine what happens to the solution after you spit into the solution. 



lh^ 



Bread 

thilaiown solution 
Alcohol burner 



PABT A 

PIU both test tubes about half fuU of the unknown solution. label the 
test tubes nuoibex 1 and 2# 

Test the material In test tube auriber 1 for starch with iodine. 

IS STAHDH PRESEiPITt 

« 

Test the material In test tube number 2 for sugar. 

IS SUGAR 

Vhat is the unlcnown solution^ starch or sugar? ^ ■ jw 






STUDM A - 'll 

Page 2 

PART 3 



After washing the test tubes very thorou^y, refill them about lialf full 
of the unknown solution. Label the test tubes 1 and 2* To both test tubes 
add an abundant amount of saliva and shake the test tubes vigorously for 
five minutes to mix the solutions very well. 

Test the material In tube number 1 for starch. 

IS STARCH PRESENT? 

Test the material in tube number 2 for sugar. 

IS SUGAR PRESENT? 

The unknown solution has possibly changed. If so^ what change took place? 



Write a short paragraph 63<plaining what you have observed. 



Try to write a formula showing what has happened. 



Appendix 1 

SUGGESTED CALJMQAR 2 ? 0 R STUD! OP CHICK DB'MiOPMENT * 






|Hon« 

Introduction 
of Topic.; 

p» 106 



Tues. 



Wed. 



Thurs. 



Pri. 



Demonstration 

Activity 



p. 107 

(evaporation) 



Continue 
Natiire of 
Poods 

p. 107 



Discussion of 
Material 



EGGS PLACED IN 
INCGBATOR TCCAYZ 



A - 50 
OBSERVE 

unpertiue; 

EGG 



p. 108 



p. 111 



OPEN AND OBSERVE 
5 DAI EMBRYO 
A - 51 



Proteins 
A - 52 



Carbohydrates 
A - 33 



Pats 
A - 3 ^ 



OjREN AND 
(BSERVE 9 



n. 



p. 117 



p. 120 



p. 122 



EMBRYO 
A - 35 
p. 126 



Calories 
A - 56 



Calories 
A - 36 



Calorie 
Counting 
A - 5 T 



Body Movement 
and Teniperature 

A - 38 



p. 150 



P. 130 



P. 135 



OPERAND 
OBSERVE 
16 DAY m 
A - 39 
p. 137 
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A 



i 



OPEN AND OBSERV] 

:;9 day embryo 

A - 40 



Digestion 
A - kl 



p. l^tO 



p. 142 




* A 21 consecutive day period vithout holidays or interruptions must 
he had in order for development of the eggs to fit the school calendar. 
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Appendix 2 

mTERXAIS AND APPABAWS 



* Ae Jfeterlals for Snail Group Laboratory Work 



Materials 



For groups 
of three 



Beaker^ 250 nO. 

Beaker, 500 nl 
Burner, alcohol 
Burner, gaa 

Can, 1 gallon (Rectangular) 

Cork, Ho. 4 ■ 

1 inch dovllng, 56 In. 

(2 holes, 9 In* nnd iB in.) 

1/2 inch dovling, 12” 

Bye dropper pipette 

Fishing sinkers, 8 oz. 

Fishing sinkers, k oz. 

Flask, 500 nl 

Graduated cylinder, 100 ml 

Jar, specimen 

Hard vood, small block 

Monofilament line, 2k in. 

Baper towel 

Petri dish 

Ring stand 

Rubber Band 

Rubber Stopper, No. 4 

Ruler, 12 ” 

Test tube holder 

Test tubes 

Ibemoneters , P* and C® 

Tongs 

Washers, flat> 4 oz. 

Washers, flat, 45 /poimd 
Wire hooks, velg^t bangers 



2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

4 

1 

1 

1 

1 

1 

2 

1 

1 

1 

4 

1 

1 

10 

10 

2 



For class 
of thirty 



20 

20 

20 

20 

20 

20 

10 

10 

10 

10 

10 

10 

10 

40 

10 

10 

10 

10 

10 

20 

10 

10 

10 

40 

10 

10 

100 

100 

20 
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Materials and Ai^ratus (Continued) 



B* Materials for Class 



Material 


Quantity 


Acetates » Clear 


1 Box, lOO/Box 20 


Bathroom Scales ^ 


1 


Graduated Cylinder^ $00 ml* 


1 


Harcourt, Brace and World 


* 


Classroom Laboratory Bo. 6 
(^11 supply id students) 


2 


Hotplate 


1 


Licuhator 


1 


Optical Illusions (3M) 


1 set 


Otrerhead projector and screen 


1 


Thermo-duplicator 


1 


Thermo-spirit acetates (3M-127) 


1 Box, lOO/Box 


Thenco-splrlt Masters 


1 Box, lOO/fiox 


C. Beagents for Class 

f 




Name 


Quantity 


Alcohol, methyl or ethyl 


2 gal* 


Carbon tetrachloride 


1 pint 


Benedict's Solution 


k oz. 


Dry ice 


2 lb. 


Bbher, Petroleum 


1 pint 


Pormaldehyde, iiO^hy Vol. 


X gal. 


Ice, chipped 


1$ lbs. 


Iodine Solution 


8 oz. 


Karo gyrup (white) 


1 bottle 


Nitric Acid, Technical grade 


1 lb. 


Olive Oil 


k oz. 


Parafin, Wax 


1 lb. 


Starch, Solution 


1 bottle 



ftPPENOICES 






DATA 



ON SHOES 



1 GROUP 1 
1 NUMBER 1 


HEAVIEST 

SHOES 


LIGHTEST 

SHOES 


i 
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Nusiber 
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LEFT SIDE 



Position 
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< 
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6 

4 



If* 
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RX<aiT SIDE 



Number of 
Weights 



1 
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MONEITFS OF FORCE 



Nuniber 


Left Side 


Right Side 


1 

i 

1 

1 

Moment 




Weight 


Porition Moment 


Weight 
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1 
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1 


1 


XXX 


' XXX 00 

< 
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ERIC 



WORK 




Object 




Distance 


Force 

pounds 


Work 

Foot - Founds 


1 Boole 


1 Foot 




• 


1 Boole 


2 Feet 


« 


% 

• t ■ nv * • >W»X 


llBoolc 


3 Feet 


J 

1 


\ 

1 


2 Books 


2 Feet 






2 Books 


4 Feet 




, • •• • r“ • ■• » vr»'»»"if} ••• 


1 Shoe 


2 Feet 






1 1 Shoe 


4 Feet 

• ^ ‘Wu*4* ^■4** —X J 




4 IM.* X .» J •••« • • 


j X chair 


1 Foot 


»X4^** Xi«)^ * », .ifc » , • 


k •*44»»4W» »» -V*»»** ♦» • 1 » *• ’i • • 





laa sBi g B aw B W 










* 'f y ' * . ^ ^ ^ ^;k%* ^0 

.: ■> • x^ 







‘ »«*•.>' 5 . 

M, • V • 



s}»*** >* V’* “' 'f ^ A.T* '/i * 



Object 


Distance 

height 


Truck 


1 foot 


Truck 




one 

weight 


1 £oot 


r. ■■■“ ' 

1 7ruc1c 


1 


1 

jtwo 

; weights 


1 foot 



Resistance 

force 



4 ounces 






Work 

ft-oz 



8 ounces 



Length 

plane 



Effort 

force 



2 feet 



2 feet 



2 feet 



<» 



10 




Height of 
stairs 








Resiatancfr 


Work 




weight o£ runner 


Foot-pounds 









DISTAHCB times RESISTANCE ' » WORK 



r_ 1 

Work 

(fro» sOJove) 


Length of Plane 
(feet) 


Effort 
Force (pound) 


( 




1 





WORK Divided LENGTH * EFFORT FORCE 
by 






X58 



<yt 





Height 



Height of 
Stairs 


Resistance 
VTeight of Runner 


Work ? 

Foot - Pounds 


I 

i 







DISTANCE TIMES RESISTANCE » 


WORK 




•• ■ I 


work 

> from above 


1 Time 

Seconds 


a 

POWER 


t 

1 


f 

1 




1 


1 


.»>.V « • • . ■ •* » 









15 



159 
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NO. 1 



I 

I MO. 2 

f 




NO 



# 
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